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SUMMARY

The research described in this report was desigred to investigate
experimentally the validity of an evaluation modcl lor mwastery testing
applications. This model is based on the assumptions that: {1} tie
learning of fundamental skills can be considered all or none; [2) cach
1tem vesponse on a single skill test represents an unbiased sample ol
the examinee's true mastery status; (3) measurement orror occurring on
the test (as estimated from the aVeruge interitem correlation) can be of
only one type (& or B) for each examinee; and (d4) through practical and
thcoretical considerations of evaluation error costs and item crror
characteristics, an optimal mastery criterion can be calculated. Euwcu
of these assumptions is discussed. and the resultant mastery criteria
algorithm is presented in a form amenable to experimental validation.

Operationalization of the key parameters of the model was accom-
plished through use of a train-test design in a concept attainment
cxperiment. ‘Two alternative models of hierarchical concept attainment

-werce used as the basis of materials development and scquencing. ‘The '
nastery probability parameter was manipulated by varying the extent ol
training Ss reviewed at each step in the attainment hierarchy. The
item error parameter was manipulated by varying {ne number ot alterna-
tives (choices) in the test item. The length parameter was manipulatcd
by using tests of varying length.

The experiment was conducted on 96 third grade Ss. Each S reccived
Iumiliarizations'trpining and then proceeded through the train-test
scquences of the experiment. A given S was assigned to ecither of tvo
train=transtfer paradigms (intradimensional shift versus no-shiit) under
one oi three levels of training (low. moderate. high). The moderate
training level was the theorctical average number of trials requirved
to attain the concept. The concept hierarchy involved an ordevly pro-
gression from a concept involving one relevant of three varying dimen-
sions through two relevant of four varying dimensions { concept 2) tu
four reclevant of six varying dimensions (conccpt 3).

Inmediately lollowing training, Ss reccived concept atiainment

tests in the form of blank trials. A giveﬁ‘§ was assigned to cither

L continuous versus terminal testing, and was given cither five or 10
item tests that were either two or four choice.
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Three groups of analyses were performed: traihing, testing, and
model validation. The results of the analysis of training data vali-
dated the assumptions underlying the levels manipulation, and provided
support for a cumulative component learning and transfer paradigm (the
no-shift sequence). Performance also was shown to interact with the
level of training in terms of initial trial solution biases. When this
bias was controlled for, the hypothesized outcomes become more apparent.

. Analysis of test data failed to reveal any systematicvperformance
differences other than those observed as a function of training manipu-
lations. That is, reliable differences occurred for training level and
for concept difficulty, but not for test length or item type. This
concurrence of training and test results established the basis for im-
plementation of the mastery evaluation algorithm and for subsequent
assessment of its operational validity.

The results of this validity analysis were, in general, favorable
to the model. For example, the assumption that the cut rules are opti-
mal, for given measurement and decision error constraints, was supported
in that the optimization ratio was computed to be 0.95. It also is
shown that the overall test distributions for five and 10 item tests
separate into the respective mastery and nonmastery components qui te
differently on.individual than on aggregated bases. Furthermore, the
theoretical and empirical distributions of mastery and nonmastery scores
show reasonably good fit for the five item tests, although not so good
for the longer tests. ‘ ' h

It is thus concluded that the experimental evidence provided by
this research is reasonably supportive of the validity of the proposed
mastery evaluation model. This evidence could be used as a basis ior
a demonstration or experimental implementation of the model in an edu-
cational enviromment that uses mastery, or criterion referenced, evalua-
tion procedures. ‘
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Chapter I

INTRODUCTION

Among the more exciting and promising trends currently emerging
with educational innovations and refcrms is o shift from traditional
vlassroom instruction with its norm-referenced testing procedures to
more individualized instructional systems based on cxriterion referenced
test procedures (e.g., Blocﬁf”1971). One particularly successful sys-
tem is known as Individually Prescribed Instruction (IPI). It places
emphasis on materials and methods of instruction, matching these with
level of achievement, past progress, and perhaps learning style of the
student in generating a work assignment or "prescription" (Cooley and
Glaser, 1969; Glaser, 1967). llowever, as with other individualized sys-
tems, IPI is critically dependent on the existence of a reliable and
valid measurement model to indicate when the student has attained each
skill-mastery state.

It is not difficult to show that the traditional measurement pro-
cedures are inadequate, or at best arbitrary as a method of identifying
student skill mastery. For example, using criterion referenced proce-
durcs, IPI has suggested an 85 percent correct minimum as a mastery cri-
terion for any skill test (of which there are more than 400). Although
this criterion does have intuitive appeal, there is no convenient ana-
lytical or empirical justification for it. Just as various skills may
differ in level of difficulty in terms of mastery, so also might the
optimal performance criteria in the test situation vary., It may be that
for some skills, a test score of 60 percent is indicative of mastery., '
wvhereas for others a score of 90 percent or higher would be required.

In brief, the issuc is not whether a criterion referenced testing pro-
cedure is or is not appropriate to IPI, but rather how ana at what level
each criterion should be sct,

‘To anchor the skill-testing procedure to the operuatirns and out-
comes of individualized instructional technology, a skill-mastery test
model is proposed (Emrick, 1971) in which both item and student infosma-
tion are combined, yielding probability statements regarding skill-
mastery status. This model is particularly attractive in that the as-
sumptions are few and simple, and it provides for empirical determina-
tion of the most critical parameters—-namely, the item measurement error
likelihoods. Furthermore, the generation of a test cut rule or mastery

1
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criterion is provided by an algorithm that is based on Loth the test
propertices and a cost-benefit analysis of decision crrors.,

The basic working assumptions of this mastery test modei are as
tfollows

(1) Appropriately defined educational objectives will consist of,
or can generally be analyzed into, collections of unitary and
explicitly defined (in terms of performance criteria) skills
(Gagné, 1952), For each of these skills, mastery will be a
binary (all or none) variable, Thus, for an educational ob-
jective to be mastered completely, all component skilis must
be mastered. Further, the degree or "level” of mastery of the
objective will be determined by the prcportion or number of
these component. skills that are ‘mastered.

(2) Tests designed to assess mastery of tha componenl skills _—
within an’objective will each consist of collections of test o
items that are highly homogeneous in terms of content, form, ' '
and difficulty level. Thus, within a single skill test, each
item response provides an unbiased estimate of the examineeg's=
mastery status with respect to that skill,

—
[
e’

Since mastery vf each unitary skill is assumed to be an all or.
none variable, the measurement error for a given examine¢ on

a single such skill will be of only «fr &f two types: (1)
type 1 or alpha (a), in which the examinee's responses lead to
a mastery conclusion when his true status is nonmastery; or
(2) type 2 or beta (3). in which his item responses lead to a
nommastery conclusion when in fact he has mastered the skill
in question, Stated differently, an examinee can occupy only
onc status with respect to the skill being tested--mastery or
nonmastery. Test item responses that correspond to the exam-
ince's true status are, by definition, valid (i.e., mastery
students "pass' the item and nonmastery students "fail” the
item). Test item responses that do notl correspond to the
examinee's truec status are, also by definition, measurement
error (i.e., 'lucky gucsses”" and so forth for nonmastery cxam-
inces and ''carcless errors’ and so forth for mastery exam-
inces). This situation is represented in Table 1.




Table 1

Item Response Contingencies as a Function of Learning State
on a Single Skill Mastery Test

Observed Response

wrong correct

(w) (c)

}
True Learning mastery 8 1-8
State (M)
nonmastery l-< o4
(M)

@ = The probability of -a correct response from a R
nonmastery student (typc 1 crror)
28 = The probability of a wrong response from a
mastery student (type 2 error)
(1-o) = The probability of a valid wrong response
(1-3) = The probability of a valid correct responsc

(4) The extent of measurcement error in a single skill test can be
approximated by calculating the average interitem correlation
of examince responses to the parallel and homogeneous test
items, This average interitem correlation provides an un-
biased estimate of the reliability of a single item of a umi-
tary skill test. Since reliability is defined as the propor-
tion of total variance that is "true" variance (Lord and
Novick, 1968; Gheselli, 1964), this average interitem correla-
tion can be interpreted as an unbiascd estimate of the squared
correlation between an examinece's true mastery state and his
item rcsponse.

This correclation between mastery state and item response can
further be idterprcted in terms of the two classes of measure-
ment crror (o and 8) with reference to Table 1. The response
contingencies from this four-fold table are calculated in the
form of a phi (o) coefficient, indicating the correlation

ERIC
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between observed responses and ''true" score., One formula for
computing ¢ from Table 1 is:

o - 22 (1)
5 = 1
“/1 - (¢ - 3)2

Since reliability is defined as the squared correlation
between fallible and true scores, and since the above expres-
sion represents this correlation on the item level, the square
of equation (1) is the expression for item reliability on a
single skill mastery test.

Berause of the presence of at least some measurement error,
decision errors correspondingly will accrue regarding deter-
mination of ecxamince status on the skills being measured. A
decision- theoretic approach to this problem (Chernof and Moses,
1959) suggests regret resulting from these evaluation errors
can be minimized through a cost-benefit analysis of the vari-
ables that comprise the evaluative process. Three classes of
these variables are:

* Statistical, such as item reliability an: test length. As
item scores become more reliable, tests of fixed length
will yield proportionally fewer evaluative errors. Simi-
larly, for a given item reliability, increasing test length
by adding parallel items will operate to differentiate more
clearly mastery from nonmastery examinces (Emrick and Adams,
1969). However, it is not completely clear what the costs
involved in improving item reliability would be, or, aside
from following principles of item construction (Burmuth,
1970), how one actually would manipulate item reliability.
Further, increcasec in overall test reliability is a decrecas-
ing function of increasec in item reliability or test length
(Lord and Novick, 1968).

e The sccond class of variables is described as curricular.
Specific instructional objectives arc seen to vary with
respect to the importance they occupy in differing instruc-
tional models. For objectives viewed as ancillary to the
model, cvaluative regret will be low or irrelevant. How~
ever, for objectives viewed as fundamental to the model and
prerequisite to further learning, regret can become sizable,

13
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This regret will accrue from the two types of cvaluative
(decision) error: (1) Type I--or a "false pass" comprising
costs of reduced efficiency in mastery of subsequent ob-
jectives due to nonmaster, of prerequisite, and if the
learner eventually '"bogs down," the costs of diagnosis and
remediation; and (2) Type II--or a "false fail" comprising
costs of unnecessary exercises, materials, and instruc-
tional time given this mastery student, as well as the
costs of subsequently retesting him,

* The third class of factors that enters into regret is in
terms of psychological costs resulting from decision er-
rors. For example, regret for Type I evaluative errors
would consist of psychological costs to the "out of track'
learner, such as confusion, suboptimal success rate, and
the like., The Type II regret would include psychological
costs such as boredom, decrecased sense of achievement,
lower motivation, and so forth,

If meaningful quantitative values could be independently assigned
to each of these cost factors, as well as to @ and 8 item error proba-
bilities, then the generation of optimal mastery criteria for a given
test would be straightforward. But since no such values are conve-
niently available (nor are they likely to be in the foreseeable future),
Emrick (1971) and Emrick and Adams (1969) have proposed that mastery
cutof{ scores be optimized in terms of relative decision error costs
and relative item error probabilities. Hence the optimization formula:

— * 1 -n{log RR)

o8
log o)1 - 3)

log

where
K = the cut point expressed as a percent score on the test
@ = cstimated probability of Type I item error
8 = ecstimated probability of Type II item error
RR = ratio of regret of Type II to Type I decision errors
n = test length (number of items).
5
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The determination of the values that enter into equation (2) fol-

lows from the above described assumption of the model. Specifically,
the total probability of item measurement error (01 + S) is estimated as
one minus the square root of the average interitem correlation (i.e. ’
1l - »\/?1) A logical anulysis of item form yields an estimate of which
type of error predominates, For example, a true-false test should yield
relatively more @ than B errors, whereas for recall or completion items,
the reverse should be true. Using thesc estimates of the sum and ratio
of the errors, an estimate ol each error component can be obtained.

A similar procedure is used to supply a value for the ratio of
regret (RR). Specifically, a logical analysis of the evaluative proce-
durec will yield an estimate of the more costly decision error, possible
in conjunction with some estimate of thg_ examinee's status before test-
ing. In some testing situations, false fail errors may be considered
far more costly than false passes whereas in other cases the reverse may
be true. Also, there may occur cases where the two costs are judged
essentially equal. Actually, many teachers operate in this fashion,
deciding to err either on the "high" or "low" side, depending on the
skill as well as the examinee being evaluated. These estimates are
operationalized in equation (2) as RR, Finally, by indicating the test
length (n) in addition to the above values, tables of optimal mastery
criteria can be gencrated for virtually any single skills test.

The goals of this research were to validate empirically this eval-
uation approach to mastery testing. To accomplish this, it is necessary
to establish--and to some extent quantify--manipulations among the rele-
vant parameters of the model. These parameters are:

Mastery probability, or the probability that the student has at-
tained mastery of the skill at the time of testing.

Item error likelihood, or the relative probavilities of « (false
pass) and 8 (false fail) measurement error occurring in the test.

The length of the test,

The first of these paramecters is the most difficult to directly
establish, siice it must be derived on the basis of a model of learning,
or inferred on the basis of performance. The procedure adopted in this
rescarch was to consolidate Gagné's 'acquisition of knowledge' hierar-
chical learning model--versus Neisser and Ween's logical complexity
model--with Trabasso and Bower's "discrimination-attention” learning
assumptions in the form of typc of problems and level of training in
concept identification tasks.

6
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Since the second parameter is primarily a function of item type or
format and related characteristics (i.e., measurement proccdure, which
can be brought under experimental control ), and since test length is
clearly an objective paramecter, the major part of the following discus-
sion will deal with the coincept identification task.

Concept Identification Task

The subject's task in a concept identification problem is described
generally as involving at least two components: the identification of
the relevant dimensions, and the identification of the rule or rules
that bring the attributes together in a particular fashion (Bruner,
Goodnow and Austin, 1956; Haygood and Bourne, 1965; Bourne, 1968).

Given a set of dimensions a, b, c. . . xeach with n values or at-
tributes (al, a2, a3 . . . an; bl, b2, and so forth), the learner's task
is to discover or identify the attributes that satisfy the conditions
defining the concept. The attributes that satisfy the concept defini-
tion arec said to be relevant and the dimensions to which they belong are
called relevant dimensions. All other attributes that vary, either
within or across instances of the concept, arc described as irrelevant,

The method and structure by which relevant and irrelevant attri-
butes are arranged determines the conceptual rule. Neisser and Weene
(1962) have siown that when the number of relevant attributes is re-
stricted to two, therec are 10 such conceptual rules, as summarized in
Table 2.

Research vn attiribute lcarning has demonstrated the effects of such
variables as the number of relevant and irrclevant dimensions (Walker
and Bourne, 1961) and the amount of intra- and inter-dimensional variabil-
ity (Battig and Bournec, 1961), For example, Battig and Bourne's (1961)
investigation on the cffects on crror rate of changes in the number of
dimensions revealed that college students made more errors following
both inter- and intra-dimensional variations, Further, this relationship
between error rate and intradimensional variability was found to corre-
spond closely to a straight line function.

The amount of irrelevant and relevant information also has been
shown to coniribute to task complexity. Although it would seem on an
intuitive basis that increased relevant information should increase the
difficulty of the conceptual task, it is not so obvious that increased
irrelevant information should do so. Actually, the amount of irrelevant
information affects only the complexity of the stimulus pattern, since

i86
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Table 2

Conceptual Rules Describing Partitions of a Population
with Two Focal Attributes (Red and Square)

Affirmation All 1red patterns are examples of the concept.

Conjunction All red 229 square patterns are.examples.

Inclusive disjunction All patterns which are red 229 square or both
examples.

Conditional If a pattern is red then it must be square to

be an example.

Biconditional Red patterns are examples if and only if they
are square.

Negation All patterns which are not red are examples
of the concept.

Alternative denial All patterns which are either not red or not
square are examples.

Joint denial All patterns which are neither red nor square
are examples.

Exclusion All patterns which are red and not square are
cxamples.

Exclustve disjunction All patterns which are red or square but not
both are examples )

Modified from Haygood and Bourne, 1965.

the number and type of categorics into which the patterns must be sorted

will remain the same, Further, Walker and Bourne's (1961) study indi- )
cated an interaction between the amount of both relevant and irrelvant

information and problem difficulty., Errors increased at a positively

accelerated rate with increases in relevant information, but this effect

depended on the level of irrelevant information employed in a problem.




Neisser and Weene (1962) demonstrated that rules are not of equal
learning difficulty even though they refer to the same set of attributes.
Neisser and Weene further showed that the different rules fall logically
into three categories or levels based on the number of component ele-
ments. Their results indicated that the degree of difficulty of each
rule increased from level to level. Although the results do not seem
surprising, it is not immediately clear why the different rules would
distribute themselves along this continuum of difficulty.

Several explanations have been offered in an attempt to explain why
certain rules are more difficult to obtain than others, One possibility
suggested by Haygood and Bourne (1965) is that subjects are forming and
testing various rule hypotheses until the correct one is discovered.
Thus, as concept increases in complexity, more rules become available,
reducing the probability of an early solution. This explanation is
similar to, if not the same as, the decision tree model suggested by
munt (1962, cited by Haygood and Bourne, 1965). In a study reported by
Neisser and Wecne (1962) this assumption of availability of rules was
cvaluated. A computer was programmed to identify concepts of varying
difficulty using a logical elimination strategy. The results indicated
that the time (number of steps) required for the computer to identify
each concept was inversely related to the structural simplicity of the
rule. These results strongly imply that something other than, or in
addition to, simple logical elimination is involved in human concept
identification strategy.

Furthermore, the hypothesis of differential rule difficulty, even
though plausible, still does not seem to account for all the data, For
example, Neisser and Weene (1962) reported that subjects seemed to have
petter verbal understanding of complex rules such as "either/or” than of
the more rapidly learned (i.e., "easier’) conjunctive rules.

In view of all these arguments, Neisser and Weenc (1962) suggest
that their data can be better explained in terms of a hierarchical or-
ganization. According to these authors, the facilitative effect of
learning lower level concepts before learning more complex concepts lies
in the fact that to solve rule (A. -B) subjects must learn what (A.) and
(-B) mean; following the same reasoning, learning (A, -B) will facili-
tate learning of (A. =B v (-A. B). It thus appears important to turn to
the issue of hierarchical conceptual learning.




Hierarchical Organization of Concepts

Neisser and Weene's data have a theoretical bearing on a conceptual
learning model proposed by Gagné, which is fully described in Gagné
(1965). Specifically, Gagné's model describes learning as increasing in
stages of complexity and difficulty in hierarchical terms., The dif-
ferential difficulty of concept learning for ostensibly similar concepts,
as reported by Neisser and Weene, corrcsponds well to his theoretical
interpretation,

The basic working principle of Gagné's model is the description of
learning as a cumulative process, More specifically, he states that
"within limitations imposed by growth, behavioral developments result
from the cumulative effects of learning" (Gagne, 1968, p. 178).

Since Gagné has been concernecd basically with applied research, his
work deals with instructional procedures for the teaching of mathemati-
cal concepts (Gagné, 1962a, 1962b, 1965, 1966). In these studies he has
shown consistently that a complex task can be broken down into its com-
ponénts such that performance in each step of this sequence is dependent
on mastery of the previous steps (e.g., Gagné, 1962).

Gagné's model also involves mostly what he calls "rule” or "prin-
ciple” learning. A rule or principle is basically a concept but is
distinguished from the latter in that:

(1) Wwhile attainment of a concept can be shown by means of an
identificatory responsec (concrcte concept or concept by ob-
servation), the rule or principle has to be demonstrated (ub—
stract concept or concept by definition) (Gagné, 1966).

(2) A rule or principle is composed by associations, motor and

verbal chains, multiple discriminations, concepts, and simple
4

rules (in the case of complex rules) (Gagne, 1965, 1968).

Onc of the implications of a rule or principle (as opposed to a
concept by observation) is that it is not "learned: but has to be taught
(Gagné, 1966). The distinction here scems to relate to the level of
abstraction involved in cach of these two kinds of concepts. For exam-
ple, onec might expect a subject to learn to identify the radius of a
circle even though he is not able to definc what the radius of a circle
is. The relevant attributes of the concept are all physically con-
tained in the instance and can be isolated, for example, simply by dif-
ferential reinforcement. A rule or principle, however, requires rela-
tional operations that go far beyond the obscrvable properties of the
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stimuli (e.g., in the principle of "work'). According to Gagnc, even in
ithe case where the subject has mastered all the discriminations and con-
cepts involved in the rule, he is not likely to demonstrate the :rule if
he has not been taught it, Therefore, rule learning as defined by Gngné
seems to differ considerably from the process usually studied inzpsycho-
logical research, which deals with what he calls concept by observation.

Moreover, when one thinks of the concepts that constitute a mathe-
matical rule, it is apparent that the hierarchical organization of in-
formation becomes an end rather than a means. In the learning of the
rule 2N-1, to learn what '"-" means is not a facilitatory device but
rather a prerequisite (unless, of course, the rule is changed). This
notion of hierarchies comprised by prerequisites is recognized by Gagné.

The hypothesis is proposed that specific transfer from one
learning set to another standing above it in the hierarchy
will be zero if the lower onc cannot be recalled and will

range up to 100% if it can be, (Gagné, 1962, p. 358)

There is enough evidence, however, that rules can be learned at any
level independently of learning rules from presumably subordinate levels,
Haygood and Bourne (1965) and Bourne (1968) have shown consistently that
if subjects are given training in discovering rules there is an improve-
ment from problem to problem much like the phenomenon of icarning sets
described by Harlow (1959). Moreover, Haygood and Bcurne's (1965) study
also included a condition in which subjects had to learn both a rule and
the attributes, Although the performance of this group was considerably
poorer than that of the other twdo groups (rule learning with attributes
given and attribute identification with rule given), there is no doubt
that subjects did learn the task,

Thercfore, although the relationship between Neisser and Weecne's
results and the work developed by Gagné seem to complement each other,
more basic researchk is needed to clarify some of the problems in hier-
archical organization of concepts,

Experiment

The preceding discussion has presented two major thecoretical alter-
natives regarding the learning mechanisms in progressing through hier-
archically structured learning sequences. The concept complexity model
proposed by Neisser and Weenc assumes little "level to level” transfer,
but views progress to be morc a function of the type and number of rules
involved at each step in the hierarchy. However, Gagné, posits the
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mastered (presumubly at previous stagcs).

cumulative learning model, and argucs that progress at any step is pri-

marily a function of the number and type of prercquisites already

Since the goals of this research include the development of ex-
perimental learning sequences that can be considered suitable analogues
to the learning tasks and sequences currently incorporated in individu-
alized curricula, the abhove theoretical dispute becomes important, i.e.,
Neisser and Weene's model assumes that step-to-step cumulative component
continuity (stimulus specific) in a learning hicrarchy is not nearly so
important as is type and number of component rules. Their model seems
based almost completely on the component analysis of a logical tree
structure,

However, Gagné's model arguces that the critical feature in hier-
archical learning is the cumulative continuity of component stimulus
attributes, which leads to the postulation of phenotypical tree struc-
ture in hierarchical lecarning.

To preserve the cssential components of both models, the materials
to be used in the training and testing of this cxperiment were designed
to provide a crude test of the learning assumptions of cach. This de-
sign consideration involved the gcncrhtion of two sets of materials
(described later), onc based on Gagné's cumulative model and a parallel
set based on Neisser and Weene's logical model. One advantage of this
strategy (the usc of two materials scts) is that it enables for an
cvaluation of these competing concept learning models. Another advan-
tage is that it protects against the likelihood that the validation evi-
dence for the mastery test model will be atypical or biased with regard
to assumptions of hierarchical learning.

A second manipulation that is based on theoretical assumptions per-
tains to the extent of training required to generate variations in
mastery likelihood. This is an important consideration becausec the
mastery model is essentially based on an all-or-none learning assumption,
and although individual differences will occur, the range of training
will be eritical for purposcs of establishing these variations in mas-
tery. That is, if the range is too low, too few "mastery” cases will
result, and if the range is tco high, extremely few cases will be at
nonmastery (in addition to the boredom and fatigue factors discussed
previously). '

Two rclevant theoretical models used in developing the training

range were Trabasso and Bower's Relevant and Redundant Cue model, (1968),
and Estes' Stimulus Sampling Model. Interestingly, although these two
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models are based on somewhat different assumptions, both lead to nearly
identical estimates of the average number of training trials necessary
to produce mastery (or attainmcnt) of a concept. Thus, for each concept
to be included in the training sequence, the estimate of the average
number of trials to mastery was derived and used to define the moderate
or middle level training condition, The two other training levels used
in this experiment were defined relative to this middle level as fol-
lows: 1low or level 1 was set equal to one-half the number of trials for
level 2, high or lecvel 3 was set egual to twice the numher of trials for
level 2. This procedure yielded the schedule displayed in Table 3
(schcdule equals number of trials) for the concept hierarchy used in the
expériment.

Table 3

Number of Training Trials by Level
for Each of the Concepts in the Experiment n

Concept Hierarchy

Training Level Concept 1 Concept 2 Concept 3
Level 1 10 10 20
Level 2 20 20 410
Level 3 40 40 _ 80

These three training levels effectively operationalize the mastery like-
lihood paramcter of the mastery ecvaluation model.

The two other factors or paramecters described in an earlier section,
are test length and item error likelihood. For this experiment, a test
corresponds to blank trials, i.e., training trials are characterized by
stimulus presentation, responsc interval, and feedback or knowledge of
correcct responsc (KCR). Test trials are characterized as stimulus pre-
sentation, response interval, but no feedback or KCR, Test or blank
trials are administered following cach training sequence.

The test length parameter was operationalized in this experiment at
two levels: five and ten items. These levels or lengths correspond
roughly to the range of most single skill tests, such as the curriculum
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imbedded tests of IPI, The item error parameter was operationalized in
terms of two item forms for the blank trials (i.e., tests). These were |
two choice items, corresponding theoretically to true-false tests, and
four choice items, corresponding to four option multiple choice items.
The assumption of alpha errors being greater for two than four choice

i tems constitutes the item error manipulation,

An additional factor was incorporated in this experiment control
for the effects of repeated blank trials. This factor described as test
continuity, essentially splits the sample into two groups: one receiv-
ing blank trials immediately after each training sequence, and another
receiving these trials only after the completion of all training, These
two groups are designated as continuous and terminal testing, respec-
tively.
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Chapter II

METHOD

Research Design

The experiment consisted of a three-way repeated measures analysis
of variance design for the training/transfer manipulation, fully crossed
with a three-way analysis of variance design on the test manipulations,
These fully crossed factors are as follows:

(1) Training/transfer factors

* Transfer paradigm: cummulative intradimensional attribute
shifting (Neisser and Weene) versus no-shift (Gagné)

Training level: 1low or level 1 versus moderate or level 2,
versus high or level 3, where L1 = 1/2 L2, L3 =2 XL

2

* Conceptual hierarchy: concept 1 (three dimensions, one
relevant) to concept 2 (four dimensions, twe relevant) to
concept 3 (six dimension, four relevant)

(2) Test factors
* Test length (five item versus ten item)
* Item form (two choice versus four choice)

* Continuity (continuous versus final)

These factorially balanced design factors are presented schematically
in Figure la for the training components and in Figure 1b for the
testing components.




Transfer TNG Concept

Paradigm Level 1 2 3
1 n =16
—_— —_—
No-shift 2 n = 16
_—
) 3 n = 16
R —_—
1 n =16
—_—— —_—
Shift 2 n = 16
 —— _
3 n = 16
—_— _—

N = 96

Figure la Schematic represantation of the research design for the
training phase of the experiment.

Test Item Test Continuity
Length Type Continuous Final
2-Choice n=12 n=12
5-Item
4-Choice n=12 n =12
2-Choice n=12 n =12
10-Item
1-Choice n=12 n=12

N = 96

Figure 1lb Schematic representation of the research design for
the testing/validation phase of the experiment. This design was
fully crossed with the training phase design.
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Subjeccts

A toéal of 96 third grade boys and girls were recruited for this
experimentefrom three elementary schools in Western Massachusetts,
These schools were in East Whately, Greenfield, and West Springfield
school districts. Within each school, children were assigned to experi-
mental conditions at random, with the one exception that sex be uni-
formly distributed across conditions,

Materials

The materials that composed the concepts to be identified in this
experiment consisted of brightly colored geometric forms of varying
sizes and shapes and on which discernable patterns or textures had been
imprinted. These stimuli comprised the conceptual dimensions of shape,
color, size, and pattern, Two additional dimensions of position and
number were generated through the use of varying numbers of Xs that
wvere situated either above or below the stimulus form,

For a given trial (training or testing), stimuli were arranged in
a four choice display, according to a schedule described below, and
photographed on a 35mm color film, These photographed trials were
mounted in slide frames and presented via slide projector in the
training and testing phases of the experiment.

Each child recorded his choice for a given trial by marking a
corresponding box or position in his response booklet, For training
problems, this booklet consisted of one page for each trial, Each page
contained four empty boxes corresponding to the four stimulus positions
in the color slide. The child simply marked the box in his answer book-
let to indicate which of the four stimuli he chose, and then after
knowledge of the correct response (KCR), turned to the next page for
the next trial. Test response materials differed in that five. twvo- or
four-choice trials were contained on a single page. Examples of
training and test response materials are presented in Appendix A,

Conceptual Learning Tasks

As stated above, the training sequence involved the orderly pro-
~gression of conceptual cohplexity in hierarchical fashion across the
three conceptual attainment tasks, This progression involved the
addition of both relevant and irrelevant stimulus dimensions from task
to task, and for shift conditions, the changing of "relevant attributes
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within dimensions, Using the notations of letters representing dimen-
sions and numbers representing attributes, the task sequences are
schematicized in Table 4 below (where + = relevant dimensions,

- = irrelevant dimensions):

Table 4

Task Sequence for the Concept Attainment Problems

Paradigm Concept 1 Concept 2 Concept 3

No-shift + - + + == + + 4+ o+ --
Al,BC Al’Bl’CD Al’Bl’Dl’El’CF

Shift + - + 4+ - + + -+ + -
A2,BC A3,82,CD A4,B3,D2,E2,CF

The problems or trials constituting these learning tasks were gen-
erated by a computer program, such that both within and across tasks
all dimensions and attributes were arranged orthogonally under the
restriction that each trial ccatain one and only one positive instance.
Examples of each of these problem sequences (concept by paradigm) and of
the test items associated with each are presented in Agpendix A. These
sample sequences display the problems as presented to the child and the
"correct” choice (concept examplar) is designated with a "4+"

Apparatus

The training and test materials were projected via a 35 mm carousel
slide projector on a screen in full view of the Ss. Also aside from the
introduction and pretraining that was presented ;erbally by the E, all
subsequent training and testing instructions were presented via Z
magnetic tape recorder. The Ss responded individually to each of the
training and testing problems-by marking their choice in a response
booklet.

Aruitoxt provided by Eic:




Q

ERIC

Aruitoxt provided by Eic:

Procedurc

The experiment was conducted in three phases: a short warm-up
session, the training phase, and the testing or blank trials phase.
The goals of the warm-up sessions were as follows:

(1) Since feedback would be presented via magnetic tape it was
decided that confirmation of the correct response would be
givin in terms of the position occupied by the positive
stimulus., Consequently, one of the goals of the warm-up
session was to test or teach the understanding of ordinal
position, and the ability to match the position of the
stimuli with the corresponding spaces provided in the
answer sheets.

(2) The second objective of the warm-up session was to acquaint
subjects with the ultimate goal of the problem, namely to
identify and choose the correct stimulus for each trial, and
to discover the conceptual rule.

The training phase consisted of a series of trials with feedback
appropriate to the concept to be identified. Testing consisted of
blank or nonfeedback tirials. The experiment was conducted such that
eight children were escorted from their classroom to the experimental
room and seated. They were instructed to fill out certain information
on the training booklet in front of them. This information included
their name, their age, sex, and seat number.

Children then were given some preliminary instruction concerning
the nature of the task in which they were to engage. This pretraining
included a brief instructional unit in which they were taught how to
make responses for specific choices on the screen and also an introduc-
tion as to the nature of the specific problems that they would be
attempting to solve. Specifically, the children werec told that they
would be playing a learning game, as follows:

The nature of the game will be for you to choose the correct
picture when I show you several pictures on the screen like
this (the slide projector was then turned on and four
stimulus figures appeared on the screen)., Here we see four
pictures. This is the first picture (the E points to the
leftmost picture), this is the second pict;re (E points to
the second picture), this is the third picture,_and this is
the fourth picture (he points to the rightmost picture),
Now look at the first page of your booklet. Do you see
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those four boxes? (E waits for Ss to acknowledge). Each
one of those bhoxes gses with a p_i-cture you see on the
screen, The first box would go with the first picture,
the second box would go with the second picture, the third
box would go with the third picture, and the fourth box
would go with the fourth picture., Now, everybody look at
the pictures again, Do you see the circle? (Pause)

All right, now suppose that you wanted to choose the
circle, Mark an X on your answer sheet that shows that
you are choosing the circle. (Pause) How many people
chose the third box? Raise your hand if you chose the
third box. (Pause) All right, let's try another one,
Turn over to the next page. (E then projects a new slide
on the screen in which the circle moves to position 2.)

All right, now let's see if you remember how to play this
game, Suppose that you wanted to choose the circle again.
Mark the box that would show that you are choosing the
circle., How many chose the second box? (Pause) Very
good, All right, let's try once again. (E advances to

a new slide.) Turn to the third page. Now mark the box
for the circle, How many marked the first box? (Pause)
Very good,

From now on I'11 be talking to you over the tape recorder
but I want you to keep in mind a few things that are very
important, First, this is a learning game so you want to
cdo your best but you also want to be sure that you do your
own work, Don't be concerned with what yourvneighbor is
coing because he may be doing things wrong, Second, we'll
have a lot of problems to do and each problem goes on a
different page. I'll tell you which page it goes on so
you be sure you look to see that you are on the correct
page, It is very casy to skip a page and be on the wrong
one, so look very carefully, Third, once you've made a
mark for your choice, don't change it. If you have a
problem, simply raise your hand and we'll help you, All
right? Very good, 1I'll be talking to you on the tape
recorder from now on, Remember, if you have a problem,

just raise your hand,

The rest of the experiment was presented automatically via the
magnetic tape recorder and slicde projector, Two Es participated in
this training, and occasionally a third was added to assist in the




training. For the first five or six problems, the second E stood at
the front of the room and when the correct choice was anno-L-mced via the
tape recorder he also indicated the correct choice by pointing a marker
on the projector screen. The instructions presented on the magnetic
tape recorder initially introduced the Ss to the specific nature of
the problems they would be solving as follows:

All right, Dboys and girls, we're now ready to begin. Now as
we explained to you, the purpose of this game is to choose
the correct picture. Now, when I show you a problem on the
screen, look carefully at each picture. Then, when I tell
you, choose one of the pictures by making a mark in your
booklet., After everybody has had time to choose the picture,
I'11 tell you which picture was right so you can see if you
chose the correct one. Now, there's a reason why certain
pictures are correct and others are not. When you discover
this reason, you'll be able to get all of the problems
right. So this means that a [irst you'll get some of the
problems wrong. Don't feel bad but try to find the secret
so you'll get the rest correct. Work quickly but carefully.
Do your own work and don't change any answers once you've
made them., I'll say which page each problem goes with so
you'll be sure that you're not on the wrong page. All
right, let's begin,

Here is the problem for page one. You all should be on the
first page of your booklet. See each picture carefully.
Now mark the one you think is correct. (Pause) If you
marked the third picture, you were correct. The third
picture. :

This procedure was repeated for each of the training problems. The
number of problems presented was determined by the learning condition
and the concept level of the particular training. sequence.

The instructions given to the children receiving continuous testing
(in this case, the first concept tested) are as follows: i

All right, let's continue with the game only we're going to
play it a little differently than before. Each of you has a
sheet of paper on which you have written your name, Now
I'1l show you some problems just like before and for each
problem you are to choose the picture that you think is
correct. However, I'm not going to tell you which one is
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correct for these problems., All right, now I'll tell you
which line you should be on for each of these problems.

Initial problems were presented at a fairly stable rate of 15
seconds observation time and 10 seconds response interval. For later
trials this rate was advanced to roughly 10 seconds observation time
and 5 seconds response and feedback time (such that four problems per
minute were presented for the later slides in the sequence). The test
items were presented at a fairly stable rate of 15 seconds per item;
there was no feedback interval,

The eight Ss who served simultaneously at each session of the
experiment actdglly constituted four subgroups of two Ss each. Ome
subgroup of Ss remained throughout all activities for.; given training
condition, iTe., they received all training and all test items, The
second group received only the first five of each ten item test. They
were excused from the room and waited outside after they completed the
first five items for each of the three tests. The third and fourth
groups were excused from the experiment immediately following training

for the first and second concepts. They were reintroduced after the
tests were completed.

All children received the first five items of the terminal test.
However, only the first and third groups of children received the last
five items of the terminal test. This procedure did not produce any
noticeable negative side effects, particularly with the children who
remained throughout the experiment (i.e., received all training and
testing). Moreover, the children who did not receive continuous testing
(i.e., were excused from the experiment during the first and second
tests) appeared concerned that they were not able to participate in
everything.

Data Processing

Data in the form of item choices in the training and test booklets
were coded and transferred to punched card forms for computer pro-
cessing. - This processing included the evaluation of literal response
protocols for the operation of various solution strategies and possible
stimulus biases‘on the part of the Ss. One such bias did appear and
was associated with the pretrainingfand concept 1 problem received by

the shift Ss. Specifically, the circle shape used for pretraining
corresponded to the trial 1 correct figure for the concept 1 problems




under shift training., Subsequent trials tended to correct for this

false solution (alpha error) by teaching the Ss that the pattern rather
than shape was relevant, However,

the initial bias did tend to lead to
many early solutions with these Ss.




Chapter III
RESULTS AND DISCUSSION
The presentation and discussion of results in this chapter is or-

ganized into three major sections. These sections are analysis of

training data, analysis of test data, and validation evidence for the
test model.

Analysis of Training Data

Response protocols obtained from the training booklets were or-
ganized according to the experimental treatment factors for purposes
of assessing training effects. The two purposes served by these anal-
yses were: (1) the evaluation of differential learning and transfer
effects as predicted by the two conceptual training paradigm (shift
versus no-shift) and the establishment of the functional relationships
betveen these training paradigms and other design factors; and (2) the
determination of the extent to which differences in performance cor-
responded to the amount of training provided. This second purpose was
principally relevant to validating the assumption that dif ferences in
probability of mas tery existed and corresponded roughly to the experi-
mental training variables.

The dependent variable selected for this analysis was the number
of correct responses out of the last 10 training trials for each of the
three experimental concepts. Thus each S contributed three scores (one
for each concept) to this analysis. Furthermore, to control for the
elfects of individual differences resulting from ability differences
or premature solutions (i.e., the concept 1 for Shift groups), Ss were
blocked into High or Low groups (median split) based on their first 10
trials performance on concept 1. This provided an added factor to the
design in the form of a two level covariable block.

The results of a repeated mmeasures analysis of variance performed
on these training data are summarized in Table 5. The design factors
in this analysis were transfer paradigm (shift versus no-shift) by
training level (level 1, level 2, and level 3) by initial performance
block (high versus low) across the three concepts trained. Performance
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Tabie 5

Analysis of Variance on Performance (Number
Correct of Last 10 Trials) Across
Training Factors and Conditions

Source df MS F
Paradigm (P) 1 21.67 1.94
Trng level (L) 2 99.21 8.90**
Ability block (B) 1 166.53 14.94%**
P XL 2 2.33 0.21
P XB 1 12.92 1.16
L XB 2 44.88 4,03*
P XL XB 2 17.32 1.55
Error (btwn) 84 11.14
Concept (C) 2 47 .96 11.96***
CXP 2 22,54 5.62%*
C XL 4 7.90 1.97
C XB 2 12.41 3.09*
CXP XL 4 2.96 0.74
C XP XB 2 0.67 0.17
CXL XB q 8.82 2.20%
CXP XL XB 4 14.75 3.68**
Error (within) 168 4.01

* p <0.05
*ok p <0.01
% p < 0.001.

means comprising this analysis are presented in Table 6, both in terms
of the experimental design and in summary form in terms of design
variables.

Significant effects resulting from this analysis are as follows:
(1) Ss in level 2 or level 3 training groups were performing

substantially better than Ss in level 1 training. This

effect, displayed in Figure 2 provides support for the
principal manipulation of the experiment--namely, that the
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Table 6

Performance Means (Percent Correct) for Last
10 Trials for Each Concept
In Experimental Training

Design First Trials Concept
Factor (ability) 1 2 3

No-Shift

L1

Shift

L LO

HI

50.0
92.5

Lo
HI

- 56.2
98.8

LO
HI

96.2
71.2

Summary of Means

Factor Mean

Factor Mean

Shift
No-Shift

61.8
67.3

LO 1st trials 56.9
HI 1st trials 72.2

52.8 Concept 1 70.0

L 70.6 Concept 2 67.1 IR

70.2 Concept 3 56.6




probability of concept mastery was different as a function of
training condition. However, as was evident in Figure 2, this
effect is concentrated in level 1 versus "other” companions,

since the difference between level 2 and level 3 is negligible.

(2) 1nitial performance differences persist throughout training

as evidenced in Figure 3, This effect suggests that individual
differences, perhaps in concept identification strategies, are
stable across training. .

(3) Overall performance systematically declined across the three
experimental concepts. This outcome, plotted in Figure 4,
is consistent with the assumption that the training concepts
are ordered in terms of difficulty. Furthermore, this gradual
decline in performance evidenced in Figure 4 would necessarily
occur if, as hypothesized prerequisites in terms of previous
concepts were either not sufficiently mastered (L1 training)
or overlearned (Lg training), thus producing negative or "off-
setting" transfer.

(4) The above curvilinear training effects interpretation receives .

' further support from inspection of means presented in Fig-
ure 5 for the training level by ability grouping interaction.
In particular, the low ability groups show a linear perfor-
mance trend in terms of training level, whereas the trend is
curvilinear for the high ability Ss. Since the high groups
arrive at a solution earlier within each training sequence,
they effectively receive more reinforced practice on the cri-
terial attributes than do the low ability groups. In some
instances this would be expected to result in overlearning or
a form of functional fixedness, which would interfere with or
produce negative transfer for the learning of subsequent con-
cepts.

On the other hand, very few of the low ability Ss appear to

] reach early solutions or attainments, and therefore would be
expected to benefit from extended training. This does appear
to be the case. 4

—~
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Further support for this differential transfer interpreta-
tion is provided in examining the interactions of: (1)-para-
digm by concept, (2) ability blocks by concept, (3) training
levels by concept by ability block, and (4) paradigm by abil-
ity block by training level by concept. Each of these inter-
action effects is significant and each displayed a pattern
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consistent with the above outlined interpretation. These in-
teractions are presented graphically in Figures 6, 7, 8, 9. _
Specifically, the overall decrement in performance was greater
for concepts involving intradimensional shifts than for the
no-shift paradigm (Figure 6). Furthermore, Figure 6 indicates
essentially no decrement in the no-shift condition. Figure 7
demonstrates a similar pattern with regard to initial perfor-
mance groups. The high groups show the decrement across prob-
lems, whereas the low groups remain relatively stable. Both

groups, however, are significantly above chance across all the
problems.

Figure 8 displays this differential performance--or transfer
pattern--in terms of training level for each ability block.
This effect appears concentrated in the shift from concept 1
to concept 2 in that for the low initial groups, level 3
training groups experienced a decrement whereas level 1 and
level 2 groups tended to improve. However, the high initial
groups all show declines across the three concept problems,
again suggesting possible negative transfer (or--at least--a
return to baseline performance)._

Finally, Figure 9 shows these transfer effects to be sub-
stantially different for the two paradigms, i.e., perfor-
mance tended to decline systematically for high block shift
groups, regardless of training level, whereas moderate (L,)
training appeared facilitating for the low block groups. -
Ef{fects appear negligible, if not slightly positive for the
no-shift training method from concept 1 to concept 2 (except

for the level 3 training) and appear erratic for concept 2 to
concept 3 transfer,

It should be noted that the interpretations of transfer as applied
to the present evidence is somewhat unorthodox. The general transfer
paradigm of:

Train Test
‘Group 1 A —————e B

vs,
Group 2 rest B

is not represented in this analysis, since the principal focus of this
research was not that of experimenting on transfer. However, prior -
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Aruitoxt provided by Eic:

nd 2lone in providing

couneent ez i aryecting Ior
initizl smiution bias of the shiit r The
leweis renipuiation evidenced its eff d¢ par-
trcularly for the concept 3 solution, diz-
ficult to attain. However, at least three sources of experimental
error were present in these training data. These sources are: (1. the

possibility of Ss skipping pages accidentally, {2, of waiting until
icedhack--or ECR--before entering their response, and {3) of changing
an entry following KCR. Thus, it is necessary 1o analyze test data to
¢stablish and corroborate these experimental effects.

Analysis of Test Data

Two separate analyses of variance on test data (blank trials) were
performed; the first analysis was formally identical to the analysis
performed on the training data, with the exception of the omission of
the blocking factor. This analysis was performed on all those Ss
receiving blank trials after each training series (i.e., one-half the
sample). The second analyéis was performed on the total sample but for
blank trial performance on concept 3 problems only. The results of
these two analyses are presented and discussed separately.

For each analysis, the dependent variable was the percent correct
on the blank trials. Also, since the testing factors (item form and
test length) are analyzed separately in the model validation section,
they were not included in the analyses of variance. The results of the
analysis of test performance across concepts are summarized in Table 7,
and the cecll means are presented and summarized in Table 8. These
results are described and interpreted as follows:

(1) Mean performance varied significantly across the three con-
ccp{: tests. Overall performance was best (most correct) on
concept 2 and poorest on concept 3 blank trials. This per-
foymance differential was relatively uniform, with about
8 percentage poinls separating one average from the next.

llowever, the trend does not parallel that observed for training

data, in that concept 1 and concept 2 performance means are
reversed.
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Table 7

Analysis of Variance of Performance
(Number Correct) During Blank
Trials Across Concepts 1, 2, and 3

Source daf MS F
Paradigm (P) 1 57.51 2.83
Level (L) 2 57.33 2.82
P XL 2 35.19 1.73
Error (btwn) 42 20.33
Concept (C) 2 25.65 4.68%*
PXC 2 50.13 8.81%*
L XC 4 9.38 1.65
P XL XC 4 7.54 1.32
Error (within) 84 5.69

*% p <0.01,




Table 8

Performance Means (Percent Correct) for Blank
Trials (Tests) for Each Concept

Design Concept
Factor 2

No-shift
46.2

Shift

Summary

Factor

No-shift

Shift




(2) The above outcome becomes more complex when the interaction
of paradigm by concept is evaluated. Specifically, as demon-
strated in Figure 10, mean test performance is seen to
increase from concept 1 to concept 2 for the no-shift groups,
whereas it displays a slight decline from concept 1 to con-
cept 2 for 'shift Ss. The concept 2 to concept 3 differential
is disordinal (crossover) in that by concept 3, no-shift Ss
are averaging more correct responses than are shift Ss. Thus,
based on overall trends, the no-shift Ss tend to show improve-
ment across tests, whereas the shift Ss tend to decline. This
outcome is consistent with the training data and with the
transfer interpretation proposed earlier. '

The results of an analysis of the total sample for concept 3 blank
trial performance (recall that nnly one-half of the Ss received blank
trials across concepts 1, 2, and 3) are presented in Table 9, and the
corresponding cell means are presented and summarized in Table 10.
These results show the single significant performance difference on
concept 3 blank trials to be that corresponding to training levels.
In particular, level 1 Ss averaged 38.8 percent correct, level 2 aver-
aged 46.2 percent, and level 3 averaged 62.6 percent. These perfor-
mance averages correspond well to the training manipulations, and
likely represent a less biased (methodologically) estimate of the ex-
perimental effects.
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FIGURE 10 MEAN BLANK TRIAL PERFORMANCE {Percent Correct) ACROSS CONCEPTS

FOR EACH TRANSFER PARADIGM. F., g4 = 881, P <001
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Table 9

Analysis of Variance on Performance
(Number Correct) For Total Sample On
Concept 3 Blank Trials

Source daf MS F
Paradigm (P) 1 10.01 0.
Level (L) 2 43.2 4.22*
Group (G) 1 31.51 3.07
P XL 2 19.01 1.85
P XG 1 0.84 0.08
L XG 2 9.20 0.90
P XL XG 2 10.41 1.02
Error 84 10.26

* p <0.05




Table 10

Performance Means (Percent Correct) on
Concept 3 Test: Total Sample

Training Level

L Ly Ly
No-shift CONT 31.2 71.2 73.8
‘FNL 35.0 35.0 66.2
Shift CONT 16.2 42.5 62.5
FNL 42.5 36.2 43.8

Summary of Means

Factor Mean Factor Mean
No-shift 52.1 CONT 54.6
Shift 45.6 FNL 43.1

L1 38.8 C1 60.4

L2 46.2 C2 69.4

L3 62.6 03 52.5

Other outcome trends evidenced in Table 10 are a tendency for no-
shift groups to perform better than shift groups, and a tendency for
groups receiving blank trials throughout the experiment (continuous
testing) to perform better than those introduced only at concept 3.
The first of these trends appears consistent with the transfer inter-
pretation proposed in the previous section (training effects), and the
second trend suggests a possible familiarization (with blank trials
procedures) effect. The important point is that both of these trends,
and the preceding significant effects, are consistent with the results
of the training analyses and thus provide evidence for the validity of
the experimental manipulations. To that extent, the data do appear
appropriate for the evaluation of the mastery test model, which is the
principal focus of this experiment.
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Validation Evidence for the Test Model

The previous two analyses sections evaluated for training and test
effects in terms of design variables, such as level of training, para-
digm, and initial performance across concepts. The analyses reported in
this section will deal with the establishment of test parameters (where
a test consists of blank trials) and of the operating characteristics
of the mastery test model. The design factors for the validation
analyses are paradigm (shift versus no-shift) by test length (five
versus ten items) by item form (two versus four choice), across the
three conceptual problems.

Three steps were followed in developing evidence for the validity
of the mastery model: (1) performing item analysis and subsequently
estimating single item reliability for data obtained under each of the
test grouping conditions for each conceptual test--this amounted to
performing 24 separate item analyses (two test lengths by two item
forms by two paradigms by three concepts equals 24); (2) generating
optimal cut rules (pass/Tail) for each of these "tests' through im-
plementation of the mastery model using parameters generated in (1),
above; and (3) estimating the concurrence of mastery/nonmastery deci-
sions based on test data to training data, and evaluating these corres-
pondences in terms of design factors (level of training and so forth)
and of goodness of fit for overall test distributions.

Items Analyses

The results of each of the 24 item analyses are presented in Ap-
pendix B. For each analysis, subject by item responses are presented,
as are total scores and item difficulties (percent passing the item).
Test statistics presented for each such analysis are the mean, standard
deviation, reliability (as estimated by Kuder Richardson formula 20),
and the average item reliability (as estimated by the Spearman Brown

formula). These means, standard deviations, and reliabilities are
summarized in Table 11.

Inspection of this table fails to reveal any clearly systematic 1

patterns across concepts, particularly in terms of overall test reli-

ability. The obtained values, however, are generally high and accept-

able, particularly for such "short" tests. Also the ten item tests do

appear to yield, on the average, higher reliability values than do the

Tive item versions. But the expected result of increase in reliability

with® increase in test length does not consistently occur. The two ex-

ceptions both occur with two choice tests and thus may be due to chance
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Table 11

Summary of Means, Standard Deviations, and
Reliabilities from Test Item Analyses

Concept 1 Concept 2 Concept 3
Deslgn X _ SD X _ SD X _sD
Factor R R R
No-shift
.5 Item-2CH 3.50 1.643 4.17 1.169 3.69 1.155
.851 .716 .391
5 Item-4CH 1.00 1.265 2.67 1.366 1.42 1.881
.686 .543 .899
10 Item-2CH 5,50 3.987 6.00 2.098 6.58 2.275
. 950 .564 .671
10 Item-4CH 3.17 3.125 5.33 3.266 4.08 4,562
.899 .880 . 984
Shift
5 Item-2CH 4,67 0.516 4.00 1.095 2.08 1.564
-- .440 .651
5 Item-4CH 3.00 2.280 4.00 1.265 2.67 1.557
.970 .642 .670
10 Item-2CH 8.00 3.098 7.00 4.147 5.92 1.782
.938 .981 .326
10 Item-4CH 7.33 4.131 7.50 3.507 2.83 2.725
.988 . 958 .820

effects associated with tests of this type (i.e., the

analogue).

able for purposes of generating mastery cut rules.

true-false test

In all, the results of this analysis were considered accept-




Mastery Cut Rules

Three parameters are necessary to compute the optimal mastery cut
rule using the formula and model described earlier in this report.
These parameters are the length of the test, the item error probability
and corresponding class (false pass versus false fail like]ihood), and
the prior probability of mastery (also described as the relative deci-
sion error weights). The test length parameter thus corresponds to
five versus ten item tests. Item errors are estimated from total test
reliability and are distributed in terms of item form; prior probabil-
ity of mastery is seen to correspond to training level (L1, Lg, or L3).

Using the estimates of average item reliabilities provided by the
item analyses, a matrix of cut rules was computed for each of the 24
test item groups. These matrixes, presented below each corresponding
item analysis in Appendix B, provide percent correct cutoffs and number
correct values required for a mastery decision for each of several
prior mastery likelihoods by each of several relative item error
weights. The prior mastery likelihoods are 1:100, 10:1, equal, 1:10,
and 1:100. Alpha (false pass) to beta (false fail) item weights--for
a given item error likelihood, as estimated from the preceding item
analysis--are varied as follows: 10:1, 5:1, 3:1, 2:1, 1:1, 1:2, 1:3,
1:5, 1:10. Corresponding cut rules then are listed for these 45 combi-
nations (i.e., the five prior probabilities or ERR WT by the nine rela-
tive item error weights or alpha to beta ratio).

The cut rules were applied to the test data as follows: training
level was considered equivalent to prior probability of mastery (ERR WT)
such that Ly = 0.01, Ly = 1.0, and Lz = 10.0. Item form was considered
equivalent to relative item error (alpha to beta ratio) such that two
choice = 0.330 and four choice = 0.500. For each test, each score was
evaluated in terms of training factors (Ly, Lg, L3), and item form
(two or four choice), and those scores that did not equal cor exceed the
derived mastery value were interpreted as reflecting nonmastery. This
procedure was followed for each of the 24 tests as presented in Appen-
dix B. The specific range of cut rules that were applied to the cor-
responding test scores are enclosed by the box within each matrix.

To demonstrate the operating characteristics of this evaluation
model, overall test data were aggregated into two distributions, one
for each test length (five versus ten items). Each of these distribu-
tions is comprised of both mastery and nonmastery scores. Application
of cut rules as generated by the model on a score by score basis oper-
ates to differentiate the two component distributions from the overall
distribution. This differentiation is shown in Figure 11 for the five

43 =1
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FREQUENCY

TEST SCORE

FIGURE 11 DISTRIBUTION OF SCORES ON FIVE ITEM TESTS FOR THE TOTAL SAMPLE
(M+M Groups) AND FOR THE INDIVIDUAL M AND M GROUPS AS
EVALUATED BY THE MASTERY MODEL

item tests, and in Figure 12 for the ten item tests. In both of these
figures, it is clear that the decisions based on the model-~-applied
case by case--are quire different than those that would result from
the application of a single across-the-board cut rule. Furthermore,
in the case of the ten item distribution, substantial overlap is evi-
dent for mastery and nonmastery distributions.

To establish the concurrent validity of these evaluations, test
cut rules were applied to corresponding training data (last five trials
for five item tests, last ten trials for ten item tests) and evaluated
 for roncurrence of "fit" using chi square procedures. These analyses’
were performed across all design factors, and separating for item type,
conceptual test, training level, and for level by item type. The
results of these analyses are summarized in Table 12 and are inter-
preted as supporting both the conclusions drawn from training and test
analyses, and those regarding the validity and utility of the evalua-
tion model.
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FREQUENCY

TEST SCORE

FIGURE 12  DISTRIBUTION OF SCORES ON 10 ITEM TESTS FOR THE TOTAL SAMPLE
AND FOR INDIVIDUAL M AND M GROUPS AS EVALUATED BY THE
MASTERY MODEL

Specifically, the overall training-testing contingency(x2 = 31.51)
establishes the upper limit for evidence of validity that can be based
on concurrence of training-testing mastery decisions. Since the cut
rule formula is optimal in terms of the reliability of the test in-
volved, one estimate of the concurrent validity of the model is the
yxtent to which the training-test contingency corresponds to the mean
test item reliability. Expressing this estimate as a ratio of train-
test contingency to mean test item reliability, the apparent concurrent
validity of the test model is 0.375/b.395 = 0.949. In other words,
given the unreliability of the tests involved and the assumption of
training testing correspondence, the evaluation model appears 95 per-
cent effective in optimizing test information. .

Other evidence for the validity of the model is drawn from similar
correspondence of train-test contingencies as a function design factor.
For example, the model appears essentially equally effective in dif-
ferentiation mastery states using two choice (X2 = 18.52) and four
choice (X2 = 20.15) tests. This is particularly impressive given that
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Table 12

CHI Square Values for Concurrence of Mastery Evaluations
of Training and Test Status, Based on Test Data as Criteria

Level of Analysis

Overall
2-Choice tests

4-Choice tests

Concept 1 tests
Concept 2 tests
Concept 3 tests
Level 1 training
Level 2 training

Level 3 training

2-Choice, Li TRNG

Lo TRNG
Lz TRNG
4-Choice Ly TRNG
Lo TRNG
Lg TRNG




conventionally these tests produce quite different results. Thus, the
model appears capable of dealing with the item-error parameter (a/B)
quite effectively. Also, the training test correspondence patterns
nicely in terms of training level. That is, a systematic transition
of cases from the fail-fail to pass-pass contingencies occurs from

L, to Ly data. .

Finally, goodness of fit tests were applied to the mastery and
nonmastery distributions separately for five and ten item tests. The
theoretical distributions against which each of these empirical curves
were compared are probability distributions of the form:

P(nl|s) = C p Xq
n,t-n

where

= test score (number correct)

= binonial coefficient

= mastery state

test length

= item error probability for state S
=1-P

2 T + 0 QS
[}

The results of these tests were favorable for the five item dis-
tributions, showing reasonably good theoretical and empirical corres-
pondence for mastery (x° = 12.8, p = 0.05), and very good fit for non-
mastery (X2 = 5.99, 0.6 > p >0.5) distributions. The ten item dis-
tributions, however, showed rather poor fit to the expected curves
mastery)(2 = 46.25, p <0.01 and nonmastery X2 = 74.83, p <0.01,

One likely reason is that these ten item distributions are mul tinomial,
or at least composits of two or more binomial distributions. As such,
they might comprise the basis of subsequent tests of fit in replicate
analyses.




Chapter 4

CONCLUSIONS

The results of the analysis of data obtained from this experiment
provide several types of evidence that bear directly on the validity
and utility of the proposed' mastery evaluation model, The first of -
these classes of evidence pertains to the assumptions of a cumulative
and hierarchical learning model--similar to that proposed by Gagné and
incorporated in individualized instructional systems such as IPI., Sup-
port for these assumptions is provided from the analysis resulis on
training data, in which a curvilinear transfer effect appears to occur
for shift and not for the no-shift. The effect becomes more dramatic
wvhen controlling for premature solutions such that overall, the data
strongly favor the cumulative hierarchical model.

Analysis of training and test performance also supplies strong
corroborative support for the assumption that variations in training
experience around the expected requirements--as derived from the stimu-
lus sampling model (Estes) or the relevant and redundant cue model
(Trabasso and Bower)--effectively produce systematic and operational
differences in likelihood of concept attainment (mastery). This outcome
is important, since it established an empirical basis for the subse-
quent validation of the test mastery cvaluation model.

The cvidence cerived in support of this model, although not
striking or dramatic, is nonctheless favorable, It was shown that the
evaluation model was optimal to the extent that it was 95 percent
effective in matching test performance with mastery state, given the
constraints implied by the training-testing contingency. It is also
concluded that the theoretical and actual test distributions show
reasonably good concurrence for the short (five item) tests, but that
the fit is not so good for the longer tests. This outcome is favorable
at least in part, since the model is designed primarily for use with
extremely bhrief tests.

Therefore, it is concluded that the evidence obtained from this
research is supportive of the assuﬁptions of the mastery evaluation
model with respect to single skill mastery/nommastery decisions. To
further establish the valicdity of this model, research should be
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undertaken in which content valid curricula constitute the material
being taught and in which single skill criterion referenced tests,
similar to IPI "curriculum imbedded tests,” constitute the measuring
instruments. Such a study would incorporate branching and tracking,
or path analysis of children subsequent to sequential mastery/non-
mastery decisions, A study of this nature could be used both to
Eurther establi_‘sh the apparent validity of the model, and to more
closely appraise its characteristics on a cost-benefit basis.
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Exhibit

Appendix A

SAMPLE TRAINING SEQUENCES AND
RESPONSE MATERIALS

Description

Sample training items for concept 1
(both paradigms). . « « + « « ¢ o o o &

Sample training items for no-shift,
concept 2 . , . ., . .. . . .

Sample training items for shift,
concept 2 , . . . . .. .

Sample training items for no-shift,
concepPt 3 . . . . e e e 0 e e

Sample training items for shift,
concept 3 . . . . .00 e e .

Sample test items (two and four choice) . . . .

Sample cover sheet and response form
for training. . « « « ¢ ¢ ¢ o 4 4 e e

Sample test response form for two choice test .

Sample test response form for four choice test.
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HEHIIIII100000000000,
KLLLEINE 1100000000004
LHI20000000000110000010,
i
TIIIEEIIIIIE 100000 1000
Woues

ebaqertereniinge

S
Gidei, .ot
Bty sy

et A

RED

S+

XXXX

XXXX

et
IS
uritereceeteee .
DI
rertregeeseee
MNP
geeeeeegcitn
RILT TR AATALY

XXXX

e
ILIL
ANNNNL,
R R ST
ABNUNMHINIY,
IR O T A T
AR IESYILITITIINS
AL
Ther

YELLOW

EXHIBIT 1 SAMPLE SEQUENCE OF TRAINING TRIALS FOR CONCEPT 1. THESE
STIMUL1 WERE USED BOTH FOR SHIFT AND NO-SHIFT GROUPS,
(S+ = Shift Key, NS+ = No-Shift Key)
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AR >

Aruitoxt provided by Eic:

NS+

XXX

XXX

3
e
A
[N
nwunmn,
LeeegLeceen
ST
sergeIreeectotle
NI IRER BN
LTIk ettt ey
(AR A A PR R IR R IR
gregeeateeetategtaroecaesels
IR NINN

L T A T
e RN MR PSRRI

XXX

[ L}
S
e
MNNIHH
tatendinto:
YNNIy
LT TR E R 8
PRI R ERRR AL
IR U T TR A
[RH AR ITFR I A0S 03 A RAR]
L A L A
DE LRI AR IR REAORERS I RN
O L I A T IR S AR R O
I I R R T H N PP R DRI

RED ) GREEN GREEN RED
NS+
XXXX XXXX
i
XXX X
BLUE GREEN BLUE
NS+
XXX XXX
v , mmum i'iifiiiiiic"g
XXX XXX
GREEN GREEN YELLCW YELLOW

EXHIBIT 2
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ERIC

Aruitoxt provided by Eic:

S+

cecateserastetitettetty

LOLTLEELLEOCCEeereeeteet
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e e

nn

ceeeeeeceececedeeed
] NN
qeeetect

XX
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T T T

BRI,
LHECEELLERLEELeteeerectine,
MM,

Lereeeeeeter
SN HIMMINM

"“l(“l“(“(;(;:::;";;(‘S“"
N MNBIMIMIMN
IMMMMBNNNNN SHtHERHITE
creceeececececaceeccect Ny
RED RED YELLOW YELLOW
S+
ovvanas
IR RETEY
N E R RN Y
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IR RO B ) e
LT L TTrYY e
1083030990100 0¢ *
CEEE X RPN I ARt .
LEX R NI I R e

XXXX

YELLOW

BLUE

YELLOW

egesien
LLRSASRILERANR]Y "
rtertegLre e eqerarg
BSRIARAMEI R TRET IR MRS

XX

Attiy,
eI,
A LEEEeTIeneteettedy
R I TN I T I
OLLLLECEEELrterneteteereqaeetcee,
AN NI
THOOLLELLOCEOeEreetrereeeeereeetetise”
BN
UL LT T T T T T

IO
I teoce e
e e v '
XX XX
GREEN YELLOW YELLOW GREEN

EXHIBIT 3

SAMPLE TRAINING ITEMS FOR SHIFT, CONCEPT 2
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-

4
73
+

XXXX XXXX

" ",
R v NN
(LRl
NNy
Arteeigetant
DIINNIHING
R
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dteieeeeorgeeagaeeoces,

[ ] L] .00
NIANIIHIMIDN AR AR
Ry
NI I,
0L EEEEEEOLEQeutqeeteseqeey.
] BRHNHHEHHHRMIHHIN
GREEN GREEN GREEN YELLOW
NS+

XXXX XAXK X

B alttie,
cAr Rl I,
LA s
pee O DO L

evnosoce
Ivuoetooc
booco000e6

R T TN
¢eeo0c03c¢ KL IR0
S J10102 8010

resoccoeec
cocecocococ
0P E2LEPN NS0, 138000000
A A 107 a1 0000090
reeoLon N A,
Coestintt

CX LX Y
teocaones

P XXXX
g GHEEN GREEN GREEN BLUE
NS+
XXXX XX

X¥XX |

XXXX

GREEN

. GREEN RED 3REEN

EXHIBIT 4 SAMPLE TRAINING ITEMS FOR NO-SMIFT, CONCEPT 3
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Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

S+
3
i,
1t T, 210010000
- 7
i, s
o putenntiig i, Bt 11000y
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essesevsveee AR AL NI, K
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ceestrerecas 4 ettt e
9 ®o VLD O
RED RED RED BLUE
S+
sroe
R
,, srelar. e Ry

e,
19tstls
s
i
e
P11t 12001004,
L2,
ol

TR
L )
M
P 28iattst ittt
117807
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e
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I T
e
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e
2t

B

1Pttty b
e
RN
aaaiiiuaung
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L i
o Brr 110000000

4 ) eetpee
P0phai sl tiptni b et 1t es st rhl o
RED GREEN RED RED
S+
XXX "
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"
. Wt
‘- WAL A
1, NI, s
101000, NN 10004, 1.
s , _,ylllflllmlmmﬂmmm,, 1IN,
AL Iy 11011, 1111 1w,
10strst A .
s YIIUI 11001400 s
100000100 10000011. 1HITEII 112100104014 1T

I s
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"II.IIIIIIIIIIIIIIIII :
My

i
WLt I it e

iy 1000000000 L0 LI L EIE I 1000 1
XXXX XXX XXXX
YELLOW RED RED RED

EXHIBIT §

SAMPLE TRAINING ITEMS FOR SHIFT, CONCEPT 3
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ERIC

Aruitoxt provided by Eic:
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EEXIEINY
nasun,
fonegan
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wivenauOw
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RSN
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XXXX

L0
",
H"ith
0t
W,
11,
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e

EXHIBIT 6
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SAMPLE TEST ITEMS (Two and Four Choice)




NO______
NAME
SCHOOL
GRADE___ CLASS
AGE BOY GIRL

SAMPLE COVER SHEET FOR CONCEPT TRAINING RESPONSE BOOKLET

! SAMPLE RESPONSE FORM FOR A SINGLE TRIAL IN CONCEPT TRAINING

EXHIBIT 7 SAMPLE COVER SHEET AND RESPONSE FORM FOR TRAINING




EXHIBIT 8 SAMPLE TEST RESPONSE FORM FOR TWO CHOICE TEST







Appendix B

COMPUTER PROGRAM AND RESULTS OF ITEM ANALYSES
AND MASTERY DECISION RULES




Appendix B

COMPUTER PROGRAM AND RESULTS OF ITEM ANALYSES
AND MASTERY DECISION RULES

The contents of this appendix present the computer program used to
compute the item analyses and the corresponding mastery decision rules
for each of the 24 test groupings included in the experiment. These
groupings were by test length (five or ten item) by item for (two or
four choice) by concept (1, 2, or 3) for each of the two training
paradigms,

The output for each of these test group item analyses includes
itom response protocol, item difficulty (percent pass), test mean,
standard deviation, KR 20 reliability estimate, and estimated sinzle
item reliability, ‘

Immecdiately following the item analysis output is listed a matrix
of decision rules for the analyzed test, arranged in terms of mastery
likelihood (ERR WT) and item type (ALPHA TO BETA RATIO), The encased
values--a percent value and a corresponding "items to pass' value--
correspond to the rules applied to the above test scores,

It should be noted that the cases and test scores are listed in
pairs within training levels, such that the first two cases were
trained under level 1, the next pair under level 2, and the third pair
under level 3, This pattern is repeated for test groups based on 12
cases, Also, when the test reliability estimate approached_values of
zero or unity test cut rules were not calculated, and an M/M split of
50 percent was assumed,
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000003

000003

000003
oo00n1l
000017

000017
000031
000033
000045

000053
000075
000077
000100
oeco0l01
0nolol

000104
000106
000114
000121
000123
000127
000131

onnl3y
000140
000141
100143
0nnlaes
000146
000155
000160
000164
onnleé

000173
00n17S
000703

c
c

o000 -0O000

OO0 N

(s NeKel

13

OO0 =

00

PROGRAM SCORE (INPUT,QUTPUT»TAPES=[NPUTTAPEGSOUTAUT)
DIMENSION PRO3(10)+X(30+30)9S(30)9P(30)eN(10)FMT(12)
110(30) sKX(30+30)9KP(30)

ODIMENSION WAB(9) ¢WER(9) s ALPHA(9) +ETA(9) 4CIT (945) sNCUT (9+5)

READ IN ALPHA/BETA AND ERROW WEIGH(S
READ (S+155) wAH
READ (S5+105) WER

105 FORMAT (10F4,0)

REAO IN PROBLEM INFORMATION

READ (S4100) PROB4NCoNI
IF(PRUB (1) ¢EQ.6HFINISH) GO TO A6
WRITE(64500) PROByNC,yNI
READ(Ss10l) FMT

REAO IN DATA VALUES FOR THIS PROBLEMs o INITIALIZE PARAMETERS

READ(SeFMT) (ID(I) s (X(IeJd)eJm)oN{)sImloNC)

XN=NC

SUM=(Q,

SSumgy, |
DO 10 Js=m1sNC |
S{J)=n, |

CALCULATE TEST SCORESs MEAN ANO VARTANCE

DO 11 I=m NI

KX(Jel) = X(Js])

S(J) = S(J) +» X(JeD)
SSQAESSQeS(J) w2

SuMaSyMes(J)

AMEANZSUM/ XN

VARE ( (XNeSSW) =SUMS82) / (XN# (XNels))

CALCULATE I1TEM DIFFICULTIES (P AND W),

SPQEn,

X1=NT

D0 12 I=14NI1

P(l)=0,

DO 13 J=1eNC
PLIISP(])eX(Jv])
PtI)=P(])/XN

KP(I) = (P(1)®100,) +.%
sl .0=P(1)
SPR=SPQ+ReP (1)

CALCULATE TEST HELIARILITY (KR20).
SO = SURT(VAR)}
RELIR = (XI/(XI=14))9(],25PQ/VAR)
SE = SO o SART (1,-RELIW)

CALCULATF ESTIMATEND ITEM R (SH £ST),
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000210
onn212

uon216
0en220
onn223
000230
0nn232
000234
000253
000254
000274
000277
000301
000324
010325
000351

000362
000365
000367
900372
000374
000376
000400
00060

0n0426
0An&e36
Unned7

000441
000647
000651
000500
000522

010522

nno0s22
000822
0nnG23
nnos27
000527
000530
090534
ONNSI6
uN0sS36
IWANS36

WNNS3A

wT:l./XI
AVERB (WTORELIZ)/Z (1eo((WT=l,)2RELTIN))
(»
C PRINT QUTPUT aND CHECK FOR WEXT PRUSLEM,
C
00 14 K=1410
14 N(K) K
ARITE(6,501) N
DO 15 I=1NC
IF(NILEQ,10) 50 TO l6
WRITE (64502) IOCT) o (KX(Iod) s Jd=1oNT) oS(])
.50 T0 1S
16 WRITE(heg5U3I) TOCT) o (KX (T o) oJd=19N1) 9S(1])
15 CONT INUE
IF(NIJEW,5) 60 TO 2¢
WRITE (64504) (KP(I)ol2lovl) o XMEANGSDWRELIB+SEAVER
GO TO 159
20 WRITE(64505) (KP(1)eI3ls]) e AMEANSSDWRELIBSE,AVFR
150 IF(RELIR(GEe)leeORVRELIBWLE.O.) GN 10 44
c .
C CALCULATE CuUT RULES
C
VAL = 1, = SQRT(AVER)
00 75 1=1.9
ALPHA(I) = VAL /7 (WAB(I)el,)
dETA(]I) = VAL « alLPHA(])
CA = 1.~ ALPHA())
CB = 1, - BETA(]) o~
DO Te U =145
CUT(led) = (ALUG (BETA(L)/CA) ¢ (1o/XN) ®ALOG (WER(J)) )/
1 ALOG((ALPHA(L)®3ETA(]))/(CaaCy))
NCUT(TeJd) = (CUT(TIsd) ® XI) o
76 CONTINIE
79 CONTINUE
C
C PRINT CUT-RULE OUTPUT
(o
WRAITE(AyrOY) WaR
N0 77 U= 1y 5
17 WRITE1A,601) NER(J) o (CUT(T 4 J) g 12109) 4 INCUT (I 4u) s 12149)
ARTTE (Ae/02) VAL (ALPHA(T) sI=109) e (JETALT) 9 [=]09)
602 FORMAT (eUERROR ALPHA/HETA VALUES®//FS5,348 A|PHAD
1 FSe30HFR.3/5Ke® HETA® F5,34BFA,3)
600 FORMAT (@] TEST CUT RULES®/20X«®ALPHA T0 4ETA KAT1IO®
1¢ ERR WT o 9F8,3 /)
6N] FORMAT (#09F64242X09FR,3/8X49R)
60 To 1
B WRITE(64R50) :
850 FORMAT (eg CJYT RULFS NUT COMPUIFU FOX THIS TFST.#)
w0 To 1
Hh wRITE (h,H60)
STHP
100 FURMAT (1nARZLES)
101 FORMAT (1245) -
530 FORMAT (o] PRORIEM INFNTIF [CATING, , 01 GARs/
1% NUMHER QF CA3ES o 4 o ®Ih/¢ Muvgew UF [TEMG o , ., #1&/)
a0l FORMAT (/79 SUdUECTolaXee] T F » o

yve-
LY ]
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000536
000536
000536

000536

So02
S03
S04

505

114X0#TOTAL®/® 1.,D. ®10T3+% SCORE®/)
FORMAT(2X9A6951391SXsF6.)/)
FORMAT(2X A6 10]39F6,1/7)

FORMAT( ®QPERCENI®/® PASS &1013///
1®# TEST MEAN o ¢ o o o ® F6e2//

2% STANDARD DEVIATION ® Fl.377

3% RELIABILITY (KR20) *FB4//

4® STANDARD ERROR , ® FR4//

4% AVERAGE 1Tevw ?® , ® FB.u/)

1% TEST MFAN ¢ ¢ ¢ o o
2* STANDARD DEVIATION
3® RELIABILITY (KR20)
4% STANDARD ERROR o o
4% AVERAGE ITEY H . .

® Foe2//
® FTl.3/7/
*FB,4//

® FA.u//

.
.
.
.
.
FORMAT( ®OPERCENT®#/a PASS & 513///
[
.
.
[
o ® FB.4/)




PROHLEM IUENTIFICATION, . (NN=SHIFT 2-UPT S~ITEM CONCEPT 1 TeST (lell,)

NUMRER OF CASES o+ o o ]
NUMHER OF ITFMS , . S

SURJFCT TOT AL
Tl 2 8 9 10 SCURE

323 le0)
324 n 4.0
133 Sen
134 5,0
203 4.0

206 2.0

PERFENT

PASS Sn B3 Sol00
TEST MEAN ¢ ¢ o o o
STANDAéD DEVIATION
RELTARILITY (KR2a)
STANDARD) ERROR 4
AVERAGE 1TEM R . o

TEST CUT RULES
ALPHA TO 3ETA RATIO
ERR MT 10,000 N.000 3.000 2,000 «200

100,00 128 « 158 190 0223 484
1 1 1 1 1 2

1n.00 208 «24R 286 0323 574
1 1 1 2 d 3

1.00 .287  ,337 382 423 663
1 2 2 2 3

10 0367 426 o478 523 o752
e 2 2 3 3

o0l o467 516 574 623 42
2 3 3 3 4

ERRNA - ALPHA/BETA VALUES

«269 ALPHA 024 «145S 067 « 090 «135 .180 «203 276 0265
BETA ,24S 0224 «202 «180 132 « 090 « 067 < 045 o N24

ERI

Aruitoxt provided by Eic:




PROBLEM IDENTIFICATION, s oNO=SHIFT 2-URT S=1TEH CONCEPT 2 TEST

NUMRER OF CASES ¢« o o 6
NUMARER OF ITEMS o o o S
SURJECT I1TFwm
INe .1 2 3 4 S 6 1 8
323 o o 1 1 n
324 1 a 1 1 1
133 1 1 1 1 1
134 1 1 111
203 1 1 1 1 1
! 204 c1 11
PERCENT
PASS 67 67100100 R3
TEST MEAN o o o o o o 4,17
STAMDARD DEVIATION , o 1,169
RELTARILITY (KR20) o o 1165
STANOARD ERROR « o o o «6225
AVERAGE TTEM R 4 o ¢ o 03357
TEST CUT RULES '
ALPHA TO BETA
ERR WT 10,000 5,000 3.000
100,00 042 * 065 2094
0 0 9
10,00 o145 +»188 0226
1 1 1
1.00 o269 «305 «358
1 2 2
ol0 "e383 0425 489
2 2 ?
01 + 456 e 544 0621
4 3 k]
ERROR ALPHA/BETA VALUI 3
«421 ALPHA ,038 073 «105
BETA ,382 0350 «315

O

ERIC

Aruitoxt provided by Eic:

TOTAL
9 10 SCORE
240
4o0
Set
S.0
€.
40
RATIO
2,000 1,000 500
128 219 315
1 1 2
«267 «35% o454
1 2 2
0407 900 #0993
2 3 3
546 +645 o733
3 3 4
0685 o790 872
3 L] 4
o140 210 280
«290 210 140
g ]
76 "EB

«330 «200
381 « 456
? 2
512 « 575
3 3
YT ,69%
3 3
o775 WA15
4 s
«906 «935
S S
316 350
o104 «070

(1elle?

100
Ses
647
«751
4
+855

«958
]

.382
N8




PROBLEM IDENTIFICATION, . oNO=SHIFT 2-UPT S=ITEM CONCEPT 3 TeST

NUMRER OF CASES o« o o 12
NIUMRER OF ITEMS o o o 5

SURJFCT ITeEwm
1.0, ' 2 3 4 5 6 1 B
323 11 a1
324 I L1 o9
133 11 1 1
134 1111
2n3 1 1 1
296 1 1 0 0 1
327 T TS T
328 " 1 1 0 o
137 o1 0 1 1
138 1111
207 o1 1 90 1
208 ! 0 1 0

PERCENT

PASS 67 92 75 58 715

TEST MEAN o o o o ¢ o o 3,67
STANDARD DEVIATION , , 1.155
RELTARILITY (KR2m) , , 3906
STANDARD ERROR o o o o «9014

AVERAGE ng“ R o o o o T el136

TFST CUT RULES
ALPHA TO 3ETA
ERR wT 10,000 5,000 J.000

100,00 026 049 «082
0 0 0
10,00 o108 o152 «200
1 1 1
1.00 191 254 318
1 1 2
1N 273 356 36
1 2 2
<01 0355 659 5S4
2 ? 3
ERROR ALPHA/BETA VALUES

663 ALPHA ,060 «110 166
BETA ,603 «552 « 497

ERIC

Aruitoxt provided by Eic:

TOTAL
9 10 SCORE

RATIU
2.000

o123
1
251

1

«389
2

#9504
3

637
3

221
NYY]

4ot
3.0
Sen
S0
Se0
3.0
Gol)
2.0
3.0
Se0
3.0
2.0

1.000
227

303
2

#331
331

7

.

500

« 363

0492

0620

o749

«d77
4

0442
221

79

«330 200
+44R W561
2 3
«Sb6h NI
3 3
«6823 W T46
3 Y
801 NIy
4 3
«919 « 951
S 5
498 552
164 o110

(Telle)

)
«045
3
. 127
3
R09
4

892
4

974
5

603
060




PROBLEM IDENTIFICATION, . HNO=SHIFT 4=~UPT S=ITEM CONCEPT |

NUMRER OF CASES o o 6
NUMRER OF ITEMS o+ o 5
SURJFCT 1 TEM
| YL 1 2 3 4 % 6 71 8
103 o 0 1 0 o
104 1 1. 0 1
213 a0 1 1 o
214 e 0o 0 0
153 o 0 0 [ ]
154 0o 0 0 0 0
PERCENT
PASS 17 17 33 33 o
IEST‘MEAN e o o o 0 o o 1400
STANDARD OEVIATION , 1,265
RELIABILITY (KR20) . « 68843
STANDARD ERROR 4 o o o T0N
AVERAGE ITEM R o, ¢ o & «3038
TESY CUT RULES
ALPHA TO BETA
ERR wT 10,000 5,000 34000
100,00 :02% Y 074
0 0 [{]
10,00 33 arn 213
1 1 1
1.00 262 299 «353
1 1 e
10 «351 0426 493
2 2 2
onl 2460 «552 632
2 3 3
ERROR ALPHA/HETA VALUES
469 ALPHA ,04] «075 dle
BETA ,408 0374 337

O

ERIC

Aruitoxt provided by Eic:

TOTAL
9 10 SCORE
140
3.0
240
0.0
0.0
0.0
RATIO
2,000 1,002 500 0330
107 191 +300 o359
1 1 2 2
256 0345 0449 «509
1 2 4 3
LY S0 397 0643
4 3 3 3
0952 110 o745 788
3 3 L3 3
o700 AUV «H93 927
3 o 4 5
190 220 299 0337
«299 220 150 o1l

£0

TesT

200
ohbd
2
D74
o701
.824
4

+954
5

o374
075

(le214)

«100
R-11
3
«h49
o 758
LHe7

975
5

408
0061




PRUBLEM IDENTTIFICATION, . «NO=SHIFT 4=UPT S=FTEM CONCEPT 2 TEST ©{1e2142

NUMBER UF CASES o o o 6

NUMRER OF ITEMS o o & S

SUBJECT ILTEM ToTAL
1.n, 1 2 3 4 5 6 T 6 910 SCORE
103 1 1 o 1 o 3.0
104 1 1. 1 0 »n 3.0
213 6o 1 n 1 9 2.0
214 n 0 0 1 o 1.0
153 o1 0o 0 2.0
154 1 1 1 11 S0

4 PERCEMNT

PASS Sn 83 33 67 33

TEST MEAN ¢ ¢ o o o o o 2,67

STANNARD DEVIATION . ., 1,366
RELTARILITY (KR20) o o 25637
STANNARD ERROR 4 o 4 o «9235
AVEHAGE 1TEM R o o 4 o 01921

TEST CUT QULES
aLPHA TO JETA ReTIO

EPR wT 10,000 5,000 34000 2,060 1,008 «500 2332 200 4100
100,00 «,051 065 «e026 «006 092 «221 307 406 518

.0 n 0 0 0 1 2 2 3

10,00 . 082 116 +«156 197 P96 415 +487 +564 +h52

0 1 1 1 1 2 2 3 3

) I-OI) -Zlb 0276 l33 0391 -50(\ 1009 1666 -72‘ l,s".
1 1 2 2 3 k] k] 4 4

AL 0348 636 516 «5868 «T04 «803 +B&6H +ARG 918

2 2 3 3 “ 4 4 4 S

ofil + 002 +596 0695 TIT9 «908 996 1,026 1,065 1,081

N 2 k] 3 [ -} S S 5 S

. ERRNR ALPHA/BETA VALUES

.562 ALrHA 051 <094 140 ,187 J281 4378 422 L4668 511
BETA ,S11 +468 o421 «376 «281 +1R7 139 « 0948 «US1

ERIC = |

" @A ruiToxt Provided by ERIC




. [EIQ\V

Aruitoxt provided by Eic:

PROBLEM IDENTIFICATION,, NO-SHIFT 4=UPT S~1TEM CONCEPT 3 TgST

NIJMRFR OF CASES .

NUMBER OF ITEMS

SUBJECT
!.n.

103
lo4
213
214
183
156
10R
107
217
21AR
157
1SR

PERCENT
PASS

TEST MEAM o 4 o

STANDARD DEVIATION
RELTABILITY (KR20)

STANDARD ERRQR

AVERAGE ITEM R

TEST CUT HULES

ERR WT 10,000

100,00 237
1

10,00 272
1

100 .307
-2

010 o342
2

o0l 377
2

ERROR

«200 ALPHA 018
BETA .181

42 25 25 25

5.n00

276
1

<315
2

+353
2

« 392
2.

830
2

ALPHA/RETA VALUES

<033
0166

8 910

ALPHA TO JETA
3.000

313
2

«354
2

0395
2

436
2

477
2

050
+150

TOTAL
SCONE

0.0

0.0

«067 133
«133 « 067

«150
+050

166
«033

t1.214)




PROBLEM IT0ENTIFICATION,, NO=SHIFT 2-0PT 10-1TEM CONCEPT ] TEST (1.124)

NUMRER OF CASES o+ « o 6
NUMBER OF ITEMS 4 ¢« 10

SUBJECY I1TEW TOTAL
1.0, ! 2 3 4 5 6 1 8 910 SCORE
21 0 01 01 0 o0 0 1 0 3,0
322 1 o1 0 0 1 o 0 0 1 4,0
131 1 11 06 0 0 12 1 0 1 6.0
132 1 111 11 1 1 1 1 10,0
200 ° 0 0 0 0 0 0 0 0 0 0 0.0
202 1 111 1 1 11 1 1 10,0

PERCENT

PASS 67 S0 83 33 S0 50 S0 S0 50 67

TEST MEAN o 4 ¢ o o o o« 5,50
STANDARO OEVIATION , . 3,987

RELIABILITY (KR20) o «9500
STANDARO ERROR o o o o <8917
AVERAGE ITEM H o o o+ o +6552

TEST CUT RULES
ALPHA TO 3ETA RATIO
ERR WY 10,000 S.,000 3.000 2.002 1,000 'S00 330 «200 100

100,00 A7 «208% 236 «266 «329 401 YYS o493 +553
2 2 2 k] 3 4 4 S 6
10.00 241 «280 «316 « 349 415 484 *52% «569 0622
2 3 k] 3 4 5 -] 6 6
1.00 2310 «356 «396 433 +500 567 «605 NYYY +690

3 4 4 4 5 6 6 6 7
o10 «370 43 476  ,S16 2588 1651 +685 720 « 759

4 s - S 6 7 7 7 ]

W01 Y/ «507 N1 599 «6T1 ' T34 » 768 . 195 «A27

4 5 6 6 7 7 8 e 8

ERRNR ALPHA/BETA VALUES

«191 ALPHA ,017 0032 +0408 2064 1095 o127 o143 +«159 172
BETA .17 159 0142 127 «095 +064 . 047 032 W017

&3

81

ERIC

|
|
s |




PROBLEM IDENTIFICATION,cNO=SHIFT 2=0PT 10=1TEM CONCEPT 2 TEST (14124}

NUMRER OF CASES ¢ o o 6
NUMRER OF ITEMS o o o 10

SUBJECT
1.0,

321
322
131
132
201
202

PERCENT

PASS S0 67 A3 67 S0 33 83 67 S0 S0
TEST MEAN ¢ o ¢ o o o o 6,00
STANDARD OEVIATION . 2,098
RELIABILITY (KR20) o o «5640
STANDARD ERROR o o 1.385)
AVERAGE ITEM R o o «1145

TEST CUT RULES
ALPHA TO JETA RATIO
ERR WT 10,000 S.000 3,000 2.000

100400 e 137 =154 =151  =o132
-0 -] -] -0

10,00 027 «050 + 083 126
0 1 1 1

1,00 191 254 «318 «380
2 3 3 4

W10 «355 458 «593 0636
¢ S ] (]

«01 «519 0662 + 788 «892
S 7 L} 9

ERROR ALPHA/BETA VALUES

«662 ALPHA 4060 o110 0165 221 N ohé]
BETA .601 «551 « 496 obal «331 221




PRORLEM 10ENTIFICATION,, NO=SHIFT

NUMRER OF CASES + + o 12
NUMBER OF ITEMS , + 10

SUB.IECT TTEM
T.0, 1 2 3 4 5 &
321 " 0 0 0 1 1
32?2 1 1. 0 0 1 1
13 o1 o 1 1 o
132 11 1 1 1 1
201 o1 11 )
en2 11 1 v
328 11 0o 1 0 1
326 o0 1 1 o 1
135 1 1 n 1 n 1
136 1 o0 0 0 n 1
205 1 0 o 1 ) o
aneé 11 1 1 1 1

PERCENT

71T 8
11
t o0
1 1
v 0
1 1
1
o 1
0 0
o 1
o 0
1
1 1

PASS 67 67 42 75 75 83 S8 67 A3 42

TEST MEAN o & o o o o o ]
STANDARD OEVIATION , , 2
RELTABILITY (KR20) , ,

STANDARU ERROR & o & & 1
AVERAGE TTEM R

TEST CUT RULES

«58
«2758
6712
3043
1695

ALPHA TO 3ETA

ERR WT 10,000 5,000
100,00 068 «100
1 1
10.00 139 «185
1 rd
1.00 «209 o270
e 3
10 279,35
: 3 4
.0l 349 040
3 4
ERRNR ALPHA/RETA VALUES

+S8R ALPHA ,0S53 «198
8ETA ,535 «490

ERIC

Aruitoxt provided by Eic:

J.000
o138
1

234
2

3N
3

427
4

«523
S

o147
b4l

2=URT 10=1TEM CONCEPT 3 TEST

TOTAL
9 10 SCORE
n 1 5.0
1 0 50
1 1 7.0
1 1 8.0
1 1 L
1 0 9.0
1 0 7.0
1 0 4,0
1 0 6.0
00 2.0
1 0 6.0
1 1 10.0
RATIO
2,000 1,000
181 281
2 3
+284 39
3 4
388 «S50n
[} -}
492 o610
S [
«596 o719
[ 1
196 e 294
392 298

&5

<500 «339 200
YT 479 +560
4 ] 6
«508 578 : 645
S [ [
*612 671 . 730
6 4 7
716 W T61 A1S
7 3 8
819 «863 2900
8 9 9
392 cha2 490

0146 «098

196 N

(1.12.)

o100
«651
7
o721
7
o791
+H6)
932

«335
«0S3




PROBLEM IDENTIFICATION,« NO=SHIFT 4=UPT 10=1TEM CONCEPT 1 TEST (1224

NUMRER OF CASES o o 6
NUMRER OF ITEMS ¢ o & 10

SUBJECT
.M,

101
102
21l

ra ¥4

151

152

PERCENT

PASS 33 17 0 33 S0 67 17 33 33 33
TEST MEAN o« 4 o o o 317
STANDARD DEVIATION 3,125
RELTABILITY (KR2)) +9994
STANDARU ERROR . «99113
AVERAGE ITEM R , & 4724

TEST CUT RULES
ALPHA TO HETA
ERR wWT 10.000 S.000 3,000 1,000

100,00 «103 «133 165 272
1 1 - 3

10,00 190 «230 «270 +38n
2 2 3 3

1.00 276 0327 «375 500
3 3 . 5

o10 362 0425 480 6l
4 4 S [

01 LYY 522 588 728
4 S 6 17

ERROR ALPHA/BFTA VALUES

.313 ALPHA ' 028 0052 ,078 .156 .209 «235 .261 .285
BETA ,28S 0261 .235 156 olus .078 .052 .028

ERI!

Aruitoxt provided by Eic:




PROBLEM IOENTIFICATION,,NO=SHIFT 4=00T 10=ITEM CONCEPT 2 TEST (1.22,)

NUMHER OF CASES o o o 6
NUMRER OF ITEMS + o & 10

SUBJECT I TEM 10TAL
1.0, 1 2 3 4 5 6 7 8 910 SCURE
tol I o0 01 0 o t n o 3.0
102 06 01 0 0 0o o 0 0 o le0
211 1 1.1 0 0 1 0o 0 o0 o 4.0
212 1 1710 0 1 1 o0 1) 1 7.0
159 1 101 01 1 1 1 0 Te0
152 1 T 1 1 1 1 1 1 1 1 10,0
PERCENT
. PASS 83 67 67 33 33 67 50 50 50 33

TEST MEAN ¢ 4 ¢ ¢ o o & 5,33

STANOARD DEVIATION , , 3,266
RELTABILITY (KR20) , , « 8794
STANNDARLU ERROR o+ o o o 11331
AVERAGE ITEM R o o o o 4202

TEST CUT RULES
ALPHA TO 3ETA RATIO :
ERR WT 10,000 5.000 3.000 2,000 1,000  ,500 330  ,200 100

100,00 .083 o110 0162 175 252 0347 +h0% XA} «550
1 1 1 2 3 3 3 5 -1

10,00 174 215 0255 298 375 0466 :519 576 0662
2 F4 3 3 [ S 5 6 6

1.00 266 319 +369 Y Y .500 «586 «632 . 681 o 734
3 3 . 3 & L) 6 [ 7 7

10 «359 424 483 «534 N.Y-I% « 705 o746 . 785 826
4 4 5 5 [} 7 7 e 8

«01 «450 «529 «596 « 653 748 825 859 +R9Q 917
] 5 [} 7 ! 8 9 9 9

ERRARQ ALPHA/BETA VALUES

«350 ALPHA ,032 «058 « 088 117 175 «233 «?63 0292 318
BETA ,318 292 263 «233 17 o117 087 «NS8 . 032

ERIC o -

% T T




PROBLEM IDENTIFICATION, . NOSHIFT 4=UPT 1U=ITEM CONCEPT 3 TEST

NUMRER OF CASES o+ o o 12
NUMARER OF ITEMS o o o 10
SUBJECT TEM
fhe, 1 2 3 4 5 6 1 8
101 0 0 00 0 0 9 0
102 0 0 00 0 0 0 0
211, 1 1 11 11 11
212 1 11
1. 1 0 1 0 1 0
152 11 11 11 11
105 0 0 00 0 00 ©
106 o 06 1 0 0 0 0 0
218 " 0 00 0 010
226 0 0 00 0 0 01
15% 11 11 11 11
156 0 0 00 0 120 0
PERCENT

PASS 42 33 50 42

TEST MEAN o o o LI} 4,08

STANOARD DEVIATION , , 4,562
RELIABILITY (KR20) o 9847
STANOARD ERROR o o o o 5647
AVERAGE ITEM R 4+ ¢ o & «8653

TEST CUT RULES
aLPHA TO BETA

ERR wWT 10,000 5,000 3,000
100,00 306 «339 «368
3 3 4
10,00 «330 «365 «396
3 4 4
1,00 «355 «392 423
3 o &
10 «380 o419 +45)
. N 5
«01 o405 « 445 479
4 4 S
ERROR ALPHA/BETA VALUES
«070 ALPHA ,006 «012 017
BETA ,063 «058 052
™

ERIC

Aruitoxt provided by Eic:

TOTAL
9 10 SCORE
[ ) 0.0
[ ) 0,0
1 1 10.0
1 1 1060
o0 S0
1 1 10.0
[ 0.0
o0 1.0
[ ] 1.0
6 0 1.0
1 1 10.0
[ ] 1.0
RATIO
24000 1,000 «500 «330
« 394 LY 493 522
4 . ] 5
422 N «521 +«550
4 S S
«451 «500 «549 577
S 5 S 6
479 529 «578 605
S 5 6 [}
«507 558 «606 «633
S . [ ] 6 6
023 «035 «047 052
047 035 «023 «017
86

88

200

+55%
]

581,
[}

«608
6

635
6

0661
7

.oss
012

(1.220)

«100
«595
620
6
+645
6
670

«694
7

0063
V06

-




- Ao

PROBLEM JOENTIFICATION., SHIFT

NUMYRER OF CASES o+ o+ o
NUMRER OF ITEMS o o o

SUBJECT 1 TE M
| PO 1 2 3

113 (L U |

114 1 11

n 1 11

s 1 1 1

303 1 1 1

304 1 11

PERCENT

PASS 83100100 8100

TEST MEAN ¢ o o o
STANDARD DEVI1ATION
RELTABILITY (KR20)
STANDARD ERROR ,
AVERAGE ITEM R

1
1
0

1
1
1

6

]

TOTAL
4 S 6 7 R 9 1p SCORE

4.0
S.0
6o
Sef}
5.0
S.0

4,67
516

=. 0521
5297

=, 0190

CUT RULES NOT COMPUTFD FOR THIS TFST,

O

T\l

Aruitoxt provided by Eic:

2-0PTtON S=ITEM CONCEPT | TEST (2.114)

87




[E

PROBLEM INENTIFICATIONG.+SHIFT 2-0PTION

NUMRER OF CASES .
NUMARER OF ITEMS .

SURJECT
1400 1
113 1
114 1
313 1
314 0
303 1
304 1

' PERCENT

PASS A3 83 83 83

TEST MEAN o ¢« o o

STANDARD DEVIATION

RELIABILITY (KR2n)

STANDARD ERROR

AVERAGE 1TEM R

TEST CUT
ERR 9T

100.00

10

.01

ERROR

+637 ALPHA
BETA

O

RIC

Aruitoxt provided by Eic:

a

RULES
19.000
“,109
=0

<045
0

198
1

«352
e

«505
3

ALPHA/BETA VALUES

+057
o574

. 6
. 5
TEM
S 6 1 8
1
0
0
1
1
1
67
. . 4,00
. . 1,095
. . 4398
°“ . 8199
.. 1357

ALPHA TO 3ETA

S.000 -

-,116
-0

072
0
' 26}
1 2
o449
2

«h38
3

o105
525

3.000

.0108
-0

108
1

323
e

539
3

« 755
[

«158
hTH

TOTAL
9 10 SCORE

RATIO
2.000

-.085
0

o149
1

«383
e

617
3

«851
[

211
o421

5.0
3.0
3.0
3.0
5.0
5.0

1.00n0
008
P52
500
3
LY

996
)

3106
310

CQss

S«ITEM CONCEPT 2 TEST (2.11.)

«500 .33 200
(149 248 362
B 1 2
2383 | L.ee3 551
2 2 3
617 | 678 739
3 3 ‘
.85) WA93 .928
.. . 5
i

1.085 1,108 1,116
5 6 6
421 .4TS 526
211 157 105

100
495
H6R
802
[
«955

1.109
6

574
« 057




PROBLEM‘iDENTIFICATION...SHIFT 2-0PTIUW S5=ITEM CONGEPT 3 TEST (2,11,)
NUMRER OF CASES + o+ o 12
NUMBER OF ITEMS , . , 5
SUBJECT 1TEM TOTAL
1.0, 1 2 3 4 5 6 7 B 910 SCORE
113 0 0 0 0 0 0.0
114 0 0 1 0 0 1.0
3 0 0 1 1 o 2.0
314 1 o 1 1 ¢ 3.0
303 1 1 1 1 5,0
Ine 1 0 1 o0 1 3.0
127 6 0 0 0 o0 0.0
128 o1 0 1 1 3.0
N7 o 1 0 0 o 1.0
31A n 1 1 0 o 240
n7 1 0 1 11 4,0
30R 0o 0 0 0 1 140
PERFENT
PASS 33 33 Su 42 42
TEST MEAN ¢ ¢ ¢ o o ¢ o 2,08
STANDARD NDEVIATION , , 1,564
RELIARILITY (KR20) , . . 6508
STANDARD ERROR o o o o 268
LVERAGE ITEM R . o o 4 ,2712
TEST CUT RULES
. ALPHA TO 3ETA RATIO
~ERR WT 10,000 5.n00 3.000 2.000 1.000 500 3y 200 0100
100,00 J120 . 158 199 0241 RET hd] 4504 .573 +650
1 1 ) 1 2 2 3 a 3
10,60 o178 .225 0274 2y 17 520 2570 Y .708
1 1 1 2 2 3 3 a 4
1.00 0235 0793 03‘“ 0‘00~ 0500 0"00 065’ .707 0765
1 1 2 2 3 3 a 4 4
.10 292 .60 423 L4800 563 L6719 | 127 |.715 w22
1 2 2 2 3 3 4 4 4
o0l + 350 427 497 559 +666 « 759 8N2 JRE2 «RRO
2 2 2 3 3 4 4 4 4
ERROR ALPHA/BETA VALUES
679 ALPHA L0644 +080 120 ,160 0240 2319 2360 +299 436
BETA .436 2399 «359 2319 0260 0160 e119 « 080 0044
89
ERIC el
oo B

B R A R R e



PROBLEM IUENTIFICATION,,,SHIFT 4«0PTIUN SelTEM (ONZEPT | TEST (2,21,)

NUMHER OF CASES o o & 6

NUMRER UF ITEMS « o+ . 5

SUBJECT 1 TFEwM ToTAL
1.0, 1 2 3 4 5 o6 7T 8 9 10 SCORE
123 1 111 " 5.0
124 o o 1 0 1 " 2.0
143 o 9 0 0 o 0.0
144 1111 S.0
223 1 0 0 0 o 1.0
224 ) 11 1 5.0

PERCENT

PASS 67 S3) 67 S0 67

TEST MEAN o o o o v o o 3,00
STANOARD DEVIATION ., . 2,280
RELTABILITY (KR2D) . . 969
STANOARD ERROR o+ o o o 43979
AVERAGE ITEM R o o o o  .B663

TEST CUT RULES
ALPHA TO BETA RATID
ERR WT 10,000 . S,000 3.000 2,000 1,909 500 +330 .200 109

100,00 .256 «285 312 0337 .384 436 Yy .502 546
;i 1 i 2 2 2 2 2 3 3
10.00 +305 «339 «36R 2393 YY) «493 522 .555 +59%
2 2 2 2 2 2 3 3 3
1.00 355 .392 .423 YT 500 «550 .577 .608 2645
] 2 2 2 2 3 3 3 3 3 |
010 o405 0845 19 507 T J607 o633 .661 T 4
2 2 2 3 3 | 1 3 .3 co
o0l « 454 +49R «534 564 616 663 o« 6HH « 715 LYY M
2 2 3 3 3 I 3 . .
ERROR ALPHA/RETA VALUES

«NT0 ALPHA ,006 o012 018 023 03> AT «0%3 « 059 004

N Q

ERIC | -

Aruitoxt provided by Eic: a




O

ERIC

Aruitoxt provided by Eic:

-

S=ITEM CONCFPT 2 TEST (2.21.)

PROBLEM JOENTIFICATION.+sSHIFT &~0PIlURN
NUMRER UF CASES « + 6
NUMRER OF ITEMS « o o 5
SURJECT . [ TEM™ TOTAL
1.0, 1 2 3 4 5 6 7- 8 910 SCOKF
123 1 1 1 1 1 S.0
124 LN U TS S | 4.0
143 1 0 o 0 1 2e¢3
144 1 1 1 1 1 5.0
223 1 1 0 1 0 3,0
224 1 1 1 11 5.0
PERrENT
PASS RI 83 67 83 8”3
TEST MEAN & 4 o ¢ o o & 4,00
STANDARD DEVIATION .. 1,265
RELTARILITY (KR20) , +6420
STANDARD ERHOR o o o & « 715685
AVERAGE TTEM R e ° 4 02643
TEST CUT RULES
ALPHA TO SETA RAT1O
ERR wT 10.000 . b,oon 3. 000 24000 1,009 +200 «330
100,00 (001 L6019 J046  LOT7 162 21T L3852
0 0 [} 0 1 1 2
10,00 117 155 196 +23R o331 0039 «503
1 1 1 1 4 4 3
1.00 233 €N e347 399 2500 +001 «654
1 1 4 4 3 3 3
10 0349 428 0499 561 609 762 +805
2 2 4 3 3 4 &
.01 + 465 «564 +650 722 N-ET «923 + 954
2 3 3 “ o 5 5
ERROR ALPHA/RETA VALJES
+486 ALPHA ,044 N8} 0121 «162 263 e 326 «J65
BETA ,442 « 405 0364 0324 o243 «162 o121
921

L)

«200
630
572
709
[y
843

981
5

405
«N81

100

«535

051

767

999
S

o462
o046

.H83‘




PROBLEM I0ENTIFICATIONG+SHIFT 4-OPTIUW S=ITEM CONCEPT 3 TEST (2,214}
NUMBER OF CASES o o o 12

NUMRER OF ITEMS & o & S
~ SUBJECT 1 TEM TOTAL
1.0, 1 2 3 4 5 6 7 8B 910 SCORE
123 1 9 1 1 1 4,0
124 o) 11 1 4.0
143 0 0o 0 0 O 2,0
144 1 1 1 1 1 59
223 1 o0 0 1 1 3.0
224 1 9 1 1 1 4.0
117 1 0 0 1 1 3.0
118 1 01 0 o 2.0
147 1 0 0 1 0 240
148 0o 0 0 0 O 0.0
227 1 o0 9 ) 1 3.0
228 o1 1 0 o 2.0
PERCENT
PASS 67 25 Sh 67 SA
TEST MEAN e o 9o o ¢ o o 2.67
STANDARD DEVIATION , , 1,557
RELTABILITY (KR20}' , . 6699
STANDARU E€RROR e o o o «8945
AVERAGE TTEM R 4 o o o «26887
TEST CUT RULES
ALPHA TO BETA RATIO
Yy E€RR WT 10,000 S,000 3,000 2,000 1,000 +500 «330 «200 0100
100,00 127 0166 207 240 380 Y1 507 574 650
. 1 1 | 1 2 2 3 3 3
10400 o183 1,23 279 0326 .20 0922 STH T ,639 «705
1 1 ) 3 2 3 3 3 4
1.00 239 296 «351 L4602 500 «598 | ,650 o706 0761
1 1 2 2 3 3 3 . 4
W10 +29% 361 423 WATH 580 0674 722 . 769 817
1 2 2 2 3 3 'y 'y 'y
onl <350 426 495 +558 066 751 794 .834 +873
2 2 2 k] 3 Y & 4 'y
€RROR ALPHA/HETA VALUES

463 ALPHA ,042 077 o116 + 154 2231 «308 «348 «386 421
BETA ,421 «386 0347 «308 231 154 115 n7? 0042

92

ERIC ~4

~ @A FuText rovided by R




PROBLEM IDENTIFICATION,,,SHIFT 2-0PYION 10«ITEM CONEEST | TEST (2,12,)

NUMRER UF CASES & o o 6
NUMRER OF ITEMS o o & 10

SUBJECT 1 TE M TOTAL
1.0, 1 2 3 4 5 6 7 8 910 SCORE
121 1 1 0 0 0 0 0 0 1 1 4,0
122 0 0t 0 t 0 0 I n 1 4,0
) n 1 1 1 1 1 1 1 1 1 1 100
312 1 1 1 1 1 1 1 1 1 1 10,0
3nl 1 T 1 1 1 1 1t} 1 1 10,0
302 1 1 1 1 1 1 1 1 1 1 10.0
PERCENT
PASS 83 83 83 67 83 &7 67 83 83100 .
5
VEST "EAN L[] e & 8 & L[] L[] 8.00
STANDARD DEVIATION , , 3,098
QELTABILYITY (xR2M) , ., «9375
STANDARD ERRUR o+ o+ o o W1746
AVERAGE ITEM R , o o o +6000
TEST CUT RULES . N
ALPHA TU BETA RATIO
ERR wT 10,000 5.000 3,000 2,000 1.000 «500 .330 «200 .100
100,00 .153 184 216 267 e «391 437 490 556
2 2 2 2 3 4 4 5 6
10.00 0226 ' 265 «303 .338 Y} 0%8] o524 o571 627
2 3 3 3 . 5 s 6 6
1.00 «300 0347 «399 420 500 572 o611 .653 «700
3 3 4 4 s 6 s 7 7
010 .373 429 77 519 .593 «667 <698 J734 17
&4 4 5 8 [ 7 7 7 8
.01 Y 510 «564 .609 686 . 753 . TR .B16 .847
4 S s 6 7 8 A “ 8
ERROR ALPHA/BETA VALUES

0225 ALPKA ,020 «n38 +056 N75 o113 o150 0169 .184 «205
BETA ,205 «188 0169 «150 113 « 075 056 «038 «020

93

ERIC

.




SUBJECT
oo

121
122
m
n2
301
302

PERCENT

RELTABILITY (KR20)

PROBLEM IOENTIFICATION.oeSHIFT 2-OPTIUN 10-1TEM CONCEPT 2 TEST (2,120)

PASS 83 A3 67 67

TEST MEAN o 6 o o o
STANOARO OEVIATION

STANDARO  ERROR
AVERAGE ITEM R

TEST CUT RULES

CERR WT
100,00
10,00
1,00
10

.01

ERROR

10,000

247
2

o298
. » 3
«350
3
o401
[y

453
S

NUMBER UF CASES + o .
NUMRER OF ITEMS ¢ o o

6

i0
7 8
[
11
1.1
0 0
11

67 67 67 67 50 B3

7,00
0,147

«9819

+5578
oa“;

ALPHA TO BETA

ALPHA/BETA VALUES

+A81 ALPHA ,007
BETA 074

ERIC

Aruitoxt provided by Eic:

-

5,000 3,000
271 0304
0332 0362
3 B )
388 o420
4 4
o443 o678
4 S
459 536
5 5
014 0020
+060 0061

TOTAL
9 10 SCORE
01 4,0
n 1 8.0
1.1 10.0
00 0.0
1 1 1060
11 1040
RATIO
2,000 1,000
. ¢329 L3799
3. Y
«389 0439
[ 4
448,500
[ S
508 +56)
S 6
¢567 621
6 6
T .027 0041
« 054 0041
94
<

0433
[y

492
5

o552
[

o611
6

o671
7

0094
0027

2330 ,200
465 501
5. s
523 |.s87

s 6
581 |.612
6 6
.638 1,668
6~ 7
+696 o723
1 7

W061 068
0020- L0164

«100
o547
S
599
4650
7
o702

o783
[

2074
007




PROBLEM JUENTIFICATION,, SHIFT 2-OPTIUN 10-1TEM CONCEPT 3 TEST iZ-)Z-)

NUMBER OF CASES o o & 12 ‘
NUMRER OF ITEMS « « & 10

susJECT TOTAL
1.0, e SCORE

121 ' 5,0
122 0 640
3l ' ‘ 7.0
312 . ‘ ' G.Q
301 ) 1000
302 ' 0 3.0

12 o ' 11 0 1,0
126 ' ' ) 4.0
315 ‘ , o1 5,0
e ' ‘

305
306

PERCENT =~ ,
PASS S 50 S8 67 75 83 58 5. 58 33

TEST MEAN o o o o o o o 5,92

STANDARD OEVIATION . . 1,762

‘AFLTABILITY (KR20) 3200

STANDARD ERRUR ‘o o o o  1.6627

AVERAGE ITEM R o o o o  ,046)

TEST CUT RULES . '
; ALPHA TO BETA RATIO
EIR WT 10,000 5,000 3.000 2,000

100,00 073 =ofb)  «.069 -,042
-0 -0 0

10.00 «043 o073 (R «161
0 1 2

1.00 «159 1226 0365
4 2 2 [}

ol0 275 0379 +56A
3 4 6

01 0392 532 o 772
4 -] 8

ERROR ALPHA/BETA VALUES

785 ALPHA 071 «131 196 262
BETA ,714 +654 +589 523

ERI

Aruitoxt provided by Eric




LRIC

p-

NUMBER OF CASES + o &

NUMAER OF ITEMS o o &

SUBJECT
l .o'

111 1
112 0

181 1

102 0
221 1
222 1

PERCENT

PASS 67 67 B3 A3

TEST MEAN o o o o oo
STANDARD DEVIATION
RELIABILITY (KR20)
"STANDARD ERROR '+ o
AVERAGE ITEM R’ .

TEST CUT RULES

ERR WT -

100,00

10400
" 1400 e
o10

o0l

ERRNR

, o055 ALPHA

BETA

10.00¢C
.270

3
.316
Yy
363

Y'Y
810

4

+456
5

° = =~
-

[
10

TOTAL -

1 10.0
0 2.0

0 2.0
"1 10.0
1 10.0

67 A3 67 83 67 67

ALPHA
5.000

«299
3
0 34AR
3

0398
/'

o448
LY

.498
S

1,33

413
.988
.#590

.8928

TO 3ETA
3.000

324
B

376

Y
028

8
080

E]

oSN
L]

ALPHA/BETA VALUES

+005
« 050

«009
«046

«014
2041

RATIO
20,000

«348

+400

+453
5 . .

506

+559
6

«018
«037

SCURE

10,0

lohoo

0392
YY)
»500
s
554

+60R
&

028
« 0?78

96

500

ob4])

494

R-1%4
A

«600

0652
7

+037
+018

«330

2069

521
5

ST
6.

«625
6

0676
7

0041
0014

200

'502
-]

.552
6

«602
: 6

«6952
7

.701
7

<046
«NO09
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oloo

«580

+590

$637
)

684

730
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NUMRER OF CASES o o o
NUMBER OF ITEMS o o o

SUBJECT . 17

1.0, 1 2 3 4

m 1111
12 1 000
w111l
142 1 00 O
221 1111
222 1111

. PERCENT

PASS - 100 67 67 67

1

E M
S 6
11
0o 0
11
0 1
11
10

6
0
78
11
o
11
0 0
1 1
11

C toTaL
9 10 SCORE
111040
1 0 3.0
1.1 100
1 0 3.0
11 0.0
11 90

67 67 67 83100 67

TEST MEAN o o o0 o o «  T450
_STANDARD DEVIATION o . 3,507
-~ RELTARILITY (KR20) o .9580
STANDARD EHROR . ¢ o o o .7184
AVERAGE ITEMR 4 o o » 6954
TEST CUT RULES
: : ALPHA TO BETA
ERR WT 10,000 5.000 .3.000
100,00 ,188 - 4219 © 4250
S 2 2 3
10,00 253 4291 326
: 3 3 3
1.00 V318,362 . .601
v CL T
0 .383 0433 ; 476
N « - 5
01 448 «504 552
N s 6
ERROR ALPNA/BETA VALUES
.166 ALPHA 015  .028 042
BEYA 4151 .138  ,125

RATIO .
2.000 1,000

2280 - J3en
3 3
+3I5R 2n
4 .
43,500
4 5
516 Sbr
5 ™
592 .660
6 7
«055 1083
o111 <083

97

«500 «330
0408 449
[3 3

« 486 525
S S

" 5664 0600
B -} L

«642 «675
6 7
720 751
7 [}
o111 125
« 055 L3

+200
1496
.567
oh3B
. 6
.709

781
8

$138
028

~

100

. 0552

617

682
N

o T67

812
L]

+151
2015

PROBLEM IDENTIFICATION, s SHIFT 4<0PT10N 10-ITEM CONCEPT 2 fEsT (2022407
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PROBLEM IOENTIFICATION,,sSHIFT .Q-OPTION 10=1TEM CONCEPT 3 TEST (2.220)

JUMRER OF CASES o ¢ o 12 .
NU"RER oF ITEMS . vl . 10

sUnJecr ' TOTAL
14D 2 _ SCORE
m 1 . 7.0
n2 ' NE 1.0
19 ‘ 1.0
162 ' : 0.0
221

222
115
e
145
166
225
226
PERCENT . »
PASS 25 25 25 17 17 33 33 33 25 S0
TESTMEAN o o o o o o s 2,83
STANDARO DEVIATION 2,725
| RELIABILITY (KR20)
STANDARD ERROR o o
AVERAGE ITEM R . o

’

TEST CUT RULES
: - - ALPHA TO BETA . o : B
ERR WT 10,000 S,000 3,000 1,00n «33n 200

100,00 137 176 217 3438 «510 «575
) S

2 2 3 6

10,00 «191 «238 «286 L | +578 +637
2 2 3 4 ] (]

1400 {1} «301 «354 «50n 647 «699
2 3 4 5 A 7

10 «294 «363 423 «576 o715 #7662
3 4 4 6 7 8

W01 +351 0425 0492 652 « 784 «824
‘ 4 . S 7 8 L}

ERROR ALPHA/RETA VALUES

+44N ALPHA ,040 +073 »110 147 - 220 o294 331 0367 «600
BETA ,400 0367 0330 029‘ 0220 147 109 .073 0040

1Goos
R
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